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PREFACE. 


In  1897  a  series  of  articles  was  begun  in  the  New  York 
Medical  Journal  in  which  the  attempt  was  made  to  present  in 
as  simple  and  concise  a  form  as  possible  the  main  facts  con- 
cerning the  newer  investigations  into  some  phases  of  the  anat^ 
omy  and  physiology  of  the  nervous  system.  These  articles 
were  continued  at  intervals  for  two  years,  but  the  mass  of  mar 
terial  proved  to  be  too  great,  and  neurological  publications 
increased  so  rapidly  during  this  time  that  it  soon  became  ob- 
vious that  any  adequate  presentation  of  the  subject  must  exceed 
the  limits  which  could  be  allotted  to  it  in  a  medical  journal. 
The  publication  of  a  volume  was  accordingly  decided  upon, 
the  introductory  chapters  of  which  consist  of  the  articles  (re- 
vised and  brought  up  to  date)  which  have  appeared  in  the  New 
York  Medical  Journal.  The  body  of  the  book,  however,  deal- 
ing with  the  groups  of  neurones  whose  axones  constitute  the 
principal  known  tracts  in  the  nervous  system — centripetal,  cen- 
trifugal, and  associative — is  now  published  for  the  first  time. 

In  the  first  part  of  the  volume  the  newer  conceptions  of 
the  histology  of  the  central  and  peripheral  nervous  organs  are 
reviewed.  In  the  succeeding  chapters  the  attempt  has  been 
made  to  apply  the  neurone  conception — that  is,  the  cell  doc- 
trine— as  consistently  as  possible,  in  the  explanation  and  de- 
scription of  the  complex  architectonics  of  the  nervous  system. 
The  term  neurone  is  used  throughout  in  the  widest  sense  to 
mean  a  cell  belonging  to  the  nervous  system  with  all  its  parts^  not 
in  the  more  restricted  sense  in  which  many  authors  employ  it 
and  to  which  objection  has  in  many  quarters  quite  properly 
been  taken. 

No  apology  is  necessary  for  the  rather  profuse  illustration 
of  the  volume,  for  all  experience  teaches  that,  in  morphological 
studies  especially,  the  form  relations  are  more  easily  grasped 
from  the  examination  of  good  pictures  and  models  than  in  any 
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other  way,  and  that  one  well-chosen  illustration  with  a  satis- 
factory legend  is  often  of  greater  value  to  the  student  than 
many  pages  of  laborious  and  exact  description.  Convinced  of 
this  fact,  especial  pains  have  been  taken  in  the  selection  of  the 
cuts.  The  bibliography  has  been  extensively  explored  in  order 
that  the  most  instructive  pictures  of  the  various  anatomical 
features  extant  in  original  articles  might  be  drawn  upon,  and 
it  is  hoped  that  the  bringing  together  in  one  volume  of  the 
results  of  recent  investigators  and  skilled  artists  of  many  lands 
may  be  of  service  to  neurological  students,  especially  in  Eng- 
lish-speaking countries.  For  the  original  drawings  and  dia- 
grams the  author  is  deeply  indebted  to  Mr.  Max  Broedel,  Mr. 
H.  Becker,  and  Mr.  L.  Schmidt.  The  two  lithographic  plates 
at  the  end  of  the  volume  are  from  Mr.  Broedel's  hand,  as  are 
also  a  large  number  of  the  original  diagrams  of  conduction 
paths  which  illustrate  different  portions  of  Section  VI.  The 
series  of  drawings  of  transverse  and  horizontal  sections  through 
the  medulla,  pons,  and  midbrain  have  been  prepared  by  Mr.  L. 
Schmidt  from  exquisite  serial  sections  kindly  placed  at  the 
writer's  disposal  by  his  friend  Dr.  John  Hewetson.  The  other 
original  drawings  are  from  preparations  made  in  the  anatomi- 
cal laboratory  of  the  Johns  Hopkins  University. 

Of  the  illustrations  borrowed  from  original  articles,  a  few 
have  been  taken,  by  kind  permission,  from  American  and  Eng- 
lish publications.  The  majority  are,  however,  derived  from 
foreign  sources — French,  German,  Italian,  Russian,  Dutch, 
Spanish,  and  Swedish.  In  every  case  credit  has  been  given  to 
the  author  of  the  original  article  containing  the  illustration, 
and  in  a  majority  of  instances  the  title  of  and  exact  reference 
to  the  monograph  or  journal  whence  the  figure  has  been  derived 
have  been  appended.  ^ 

Especial  thanks  are  due  to  the  publishers,  Messrs.  D.  Apple- 
ton  and  Company,  for  their  liberality  in  defraying  the  expense 
of  the  illustrations,  especially  of  those  in  which  several  colors 
had  to  be  employed,  and  for  the  faithful  reproduction  of  the 
originals  by  the  most  modern  methods. 

The  nomenclature  employed  throughout  the  book  is  almost 
exclusively  that  of  the  BNA.  A  few  exceptions  have  been 
made — notably  the  use  of  the  terms  dorsal  and  ventral  instead 
of  posterior  and  anterior  respectively,  an  obviously  necessary 
deviation,  and  one  which  has  been  urged  for  a  long  time  by 
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prominent  American  anatomists.  Every  effort  has  been  made 
to  maintain  a  nniform  nomenclature  throughout,  and  where 
descriptions  or  illustrations  have  been  borrowed  from  other 
books  or  original  articles,  the  author,  for  the  sake  of  uniformity, 
has  taken  the  liberty  of  translating  the  terms  originally  em- 
ployed into  those  of  the  new  nomenclature.  A  feature  of  the 
book,  which  has  been  responsible  for  the  delay  in  publication 
and  for  greatly  increased  cost  to  the  publishers,  is  the  printing 
at  the  side  of  many  of  the  cuts  of  the  actual  names  of  the 
objects  illustrated,  instead  of  reference  letters  and  figures  to 
be  explained  in  legends.  The  advantage  to  the  reader  is  ob- 
vious, and  the  author  regrets  that  the  method,  despite  the  time 
and  cost  involved,  has  not  been  still  more  widely  employed  in 
the  making  of  this  book. 

The  .sources  of  knowledge  examined  are  suflSciently  indicated 
in  the  numerous  footnotes.  There  has  been  no  attempt,  how- 
ever, to  exhaust  the  bibliography,  and  only  the  more  important 
references  consulted  have  been  cited.  The  student,  and  espe- 
cially the  beginner,  will  doubtless  be  helped  more  by  a  few 
references  to  masters  and  to  recognized  authors  and  special 
workers  than  by  a  full  bibliography  of  the  various  topics  taken 
up.  Care  has  been  taken  to  verify  the  various  references  at 
the  different  libraries  in  Baltimore,  and  especially  at  the  sur- 
geon-general's library  in  Washington.  The  writer  has  been  so 
frequently  delayed  by  errors  in  bibliographic  references  in 
neurological  text-books  and  in  medical  journals  that  he  will  be 
particularly  obliged  to  any  reader  who,  detecting  such  errors  in 
the  present  volume,  will  inform  him  of  them,  that  they  may 
be  corrected. 

It  is  an  especial  pleasure  to  acknowledge  the  help  and  stim- 
ulus in  neurological  work  which  the  writer  has  received  from 
various  sources.  The  lectures  of  Professors  Flechsig,  von  Frey, 
His,  and  Wundt  in  Leipsic  in  1895 ;  the  admirable  text-books 
of  E.  A.  Schaefer,  Foster  and  Sherrington,  C.  L.  Dana,  C.  K. 
Mills,  J.  Dejerine,  W.  B.  Gowers,  S.  Ram6n  y  Cajal,  W.  von 
Bechterew,  P.  Marie,  H.  Obersteiner,  A.  van  Gehuchten,  A.  von 
Kolliker,  C.  Wernicke,  L.  Edinger,  and  C.  von  Monakow ;  the 
various  publications  of  Ap&thy,  Bastian,  Beevor,  Bethe,  Bolk, 
Berkley,  Broadbent,  Dogiel,  H.  H.  Donaldson,  Ewing,  Flatau, 
Ferrier  and  Turner,  Flechsig,  von  Frey,  Goldscheider,  Golgi, 
Held,  Heuschen,  Herrick,  van    Gieson,   Hughlings  Jackson, 
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Horsley  and  Schaef er,  J.  Loeb,  Lugaro,  Adolph  Meyer,  Melius, 
Marinesco,  Xissl,  F.  W.  Mott,  Patrick,  Retzius,  J.  S.  Risien 
Russell,  Sano,  Sherrington,  Starr,  Ram6n  y  Cajal,  Tartuferi, 
Tschermak,  Warrington,  and  others,  have  been  especially  help- 
ful. The  author  is  particularly  indebted  to  Dr.  Franklin  P. 
Mall,  Professor  of  Anatomy  in  the  Johns  Hopkins  University, 
for  aid  and  encouragement  in  manifold  ways  in  connection 
with  the  preparation  of  the  text  and  illustrations.  Thanks  are 
also  due  to  Drs.  Flexner,  Thomas,  Berkley,  Paton,  Harrison, 
and  Bardeen,  and  to  various  students  in  the  Johns  Hopkins 
Medical  School,  especially  to  those  who  have  undertaken  orig- 
inal research.  Dr.  Frank  R.  Smith  has  been  kind  enough  to 
thoroughly  revise  the  text,  and  also  to  read  the  final  proofs. 
Miss  Eleanore  H.  Watts  has  prepared  the  careful  index  of 
authors,  and  has  been  most  helpful  in  the  preparation  of  the 
manuscript  and  the  legends  for  the  figures.  It  is  hoped  that 
by  the  use  of  two  varieties  of  type  (one  referring  to  the  pages, 
the  other  to  the  numbers  of  the  figures),  the  value  of  the  in- 
dices will  be  increased. 

The  Johns  Hopkins  Hospital, 
Baltimore,  Md.,  March  18, 1899. 
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THE    NERVOUS    SYSTEM    AND    ITS 
CONSTITUENT    NEURONES. 


SECTION  I. 

THE  HISTORY  OF  THE  DEVELOPMENT  OF  THE 

NEURONE  CONCEPT. 
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CHAPTER  I. 

INTRODUCTORY. 

The  study  of  neurology — Older  views  regarding  nerve  cells  and  nerve  fibres 
— Deiters'  studies — Processes  of  nerve  cells — Protoplasmic  and  axis- 
cylinder  processes — von  Gerlacirs  studies — Idea  of  a  di£fuse  nerve 
network. 

In  face  of  the  many  questions  concerning  bacterial  toxi- 
cology, internal  secretion,  self -intoxication,  serotherapy,  and 
organotherapy,  subjects  all  fraught  with  practical  import  suffi- 
cient to  explain  the  absorbing  interest  in  medical  circles  regard- 
ing them,  one  might  have  had  some  hesitation  in  choosing  as  a 
subject  the  title  given  above,  were  it  not  that  this  topic  is  the 
one  which  more  than  any  other  since  the  beginning  of  scien- 
tific records  has  occupied  and  must  ever  occupy  the  minds  of 
thoughtful  physicians  in  all  countries  of  the  world.  And  one 
cannot  but  feel  that  when  these  burning  questions  of  to-day 
shall  have  been  settled  or  supplanted  by  others,  subsequently 
thought  to  be  more  important,  the  problems  connected  with 
the  nervous  system,  that  portion  of  man's  organism  which  in 
the  main  is  accountable  for  the  high  position  he  has  assumed 
among  the  animals,  by  means  of  which,  in  addition  to  the 
advantages  of  reflexes  and  instinctive  reactions,  he  is  able  not 
only  to  gather  multiple  experiences,  but  to  communicate  them 
to  his  fellows  and  to  utilize  them  in  bettering  his  condition, 

to  study,  to  investigate,  and  to  speculate — these  problems  will 
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still  remain  the  most  attractive  and  absorbing.  At  the  end  of 
a  decade  which  has  witnessed  an  unprecedented  activity  in  this 
domain,  the  results  of  which  have  led  to  a  complete  revolution 
in  our  ideas  concerning  the  elements  of  the  nervous  organs  and 
their  architectural  relations,  and  have  supplied  us  with  a  host 
of  new  methods  of  investigation,  the  study  of  neurology,  espe- 
cially of  the  human  nervous  system  in  health  and  in  disease,  is 
particularly  alluring.  Entirely  new  avenues  of  research  have 
been  opened  up,  and  problems  hitherto  thought  to  be  situated 
almost  outside  the  limits  of  scientific  inquiry  now  seem  at  least 
within  human  possibility. 

It  may  be  stated  in  the  beginning  that  it  has  seemed  to  me 
'  \:  .-.advi^^^e  .to*, gather  together  in  as  simple  a  manner  as  possible 
'  -'some  of  tHe^ilidre  general  results  of  modem  neurological  inves- 
- ;  i^^atiqn  and  to  hint  rather  at  the  outlook  for  the  future  than 
'  "  to  detail  lit  'lengfti  the  results  of  any  single  original  research. 
Nor  would  it  be  possible  in  the  space  at  my  disposal  to  cite 
even  the  main  results  obtained  in  all  the  different  directions  in 
which  neurological  inquiry  has  been  pursued.  I  shall  have  to 
be  content  with  reviewing  some  of  the  main  achievements  in 
the  departments  with  which  I  am  most  familiar,  leaving  it,  how- 
ever, to  be  distinctly  understood  that  in  the  others  many  just 
as  important  conclusions  have  been  arrived  at  and  much  funda- 
mental experimentation  is  still  in  progress. 

Entertaining  as  it  could  be  made,  it  is  not  my  purpose  to 
give  a  review  of  the  evolution  of  the  various  doctrines  held  at 
different  times  regarding  the  structure  and  function  of  the  cen- 
tral and  peripheral  nervous  system,  nor  to  describe  the  gradual 
modifications  and  inventions  in  anatomical  and  histological 
technique  which  have  been  evolved  with  each  new  theory  and 
which  have  opened  up  new  fields  for  study.  It  will  be  neces- 
sary, however,  in  order  to  make  clear  the  phenomenal  advance 
represented  by  the  ideas  which  at  present  prevail,  to  speak 
briefly  of  the  unsatisfactory  state  of  the.  views  which  imme- 
diately preceded  them. 

Considering  the  remarkable  activity  manifested  during  the 
epoch-making  period  of  1838-'40,  when,  incited  by  the  publica- 
tions of  Schleiden  and  Schwann,  anatomists  busied  themselves 
in  ransacking  all  regions  of  the  body,  hunting  for  "  cells,''  it  is 
not  surprising  that  a  number  of  them  turned  their  attention  to 
the  nervous  organs,  concerning  the  finer  structure  of  which 
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little  was  then  known.  Ehrenberg,  as  early  as  1833,  in  study- 
ing the  spinal  ganglia  and  the  central  nervous  system,  had 
undoubtedly  seen  the  ganglion  cells  in  the  former  and  the  me- 
duUated  fibres  in  the  latter,  although  he  described  them  as  capil- 
lary tubes.  After  him,  Valentine  and  Purkinje  gave  better 
descriptions,  the  former  of  the  spinal  ganglion  cells,^he  latter 
of  the  ganglion  cells  in  the  brain.  Emmert,  Henle,  and  Rosen- 
thal studied  the  differences  in  size  and  number  of  the  fibres  in 
the  ventral  and  dorsal  roots  of  the  spinal  nerves.*  But  to 
Remak  and  Helmholtz  belongs  the  credit  of  showing  that  a 
portion,  at  least,  of  the  processes  of  the  nerve  cells  of  verte- 
brates go  directly  over  to  form  nerve  fibres,  at  any  rate  in  the 
sympathetic  system.  Von  Koljiker  in  1844  described  the  uni- 
polarity  of  the  cells  in  the  ganglia  of  the  dorsal  roots,  and  the 
origin  of  medullated  nerve  fibres  from  them,  although  it  was 
not  until  1875  that  Ranvier  demonstrated  the  T-shaped  division 
of  the  process  at  a  distance  from  the  cell,  while  the  real  expla- 
nation of  the  unipolarity  and  its  relation  to  the  bipolar  condi- 
tion in  fishes  was  first  worked  out  in  the  embryological  studies 
of  His. 

With  regard  to  the  connection  of  the  nerve  cells,  within  the 
central  nervous  system  itself,  with  conduction  paths,  the  first 
observation  is  that  of  Wagner,t  who  in  1847,  while  studying  the 
electric  lobe  of  the  torpedo's  brain,  found  that  of  the  numerous 
processes  possessed  by  the  nerve  cells  only  one  or  rarely  two 
remained  unbranched  and  became  connected  with  a  nerve  fibre, 
a  finding  which  Bemak  in  1854  asserted  also  for  the  cord  and 
brain  of  the  ox,  and  which  in  the  following  year  he  stated  was 
true  in  general  of  all  motor  cells.     The  most  important  obser- 

t 

♦  The  discovery  that  the  ventral  roots  of  the  spinal  nerves  are  concerned 
with  motion,  the  dorsal  roots  with  sensation,  had  been  made  earlier  by  the 
eminent  British  surgeon  and  anatomist,  Sir  Charles  Bell.  His  views  on  the 
structure  of  the  nervous  system  are  contained  in  the  following  three  works: 
(1)  Idea  of  a  New  Anatomy  of  the  Brain  ;  Submitted  for  the  Observations  of 
his  Friends,  36  pp.  8vo  (London,  1811);  (2)  An  Exposition  of  the  Natural 
System  of  the  Nerves  of  the  Human  Body,  with  a  Republication  of  the 
Papers  Delivered  to  the  Royal  Society  on  the  Subject  of  Nerves,  vii,  392  pp. 
8vo  (Ix>ndon,  1824) ;  (3)  The  Nervous  System  of  the  Human  Body,  etc.,  4to 
(London,  1830 ;  third  edition,  Edinburgh,  1844). 

i  Wagner,  R.  Ueber  der  feineren  Bau  des  elektrischen  Organs  im  Zitter- 
rocben,  4to  (G5ttingen,  1847) ;  also,  Neue  Untersuchungen  Qbcr  den  Bau  und 
die  Endigung  der  Nerven  und  die  Struktur  der  Ganglien  (Leipzig,  1847). 
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vations  and  generalizations  of  this  period  were,  however,  made 
by  Deiters,  the  distinguiahed  investigator  at  Bonn,  who,  like 
many  others  who  have  snccessfutly  pursued  scientific  atndies, 
died  at  a  comparatively  early  age.* 

Deiters  made  an  extremely  careful  study  of  the  various  pro- 
cesses of  nerve  cells  with  the  heat  technical  methods  at  hie  dis- 
posal and  classed  them  all  in  two  great  groups :  (1)  Protoplasmic 
processes  which  were  branched  and  the  internal  structure  of 


which  corresponded  closely  to  that  of  the  body  of  the  nerve  cell, 
the  protoplasm  of  the  process  being  granular,  and  sometimes 
even  pigmented;  and  (2)  axisKiylinder  or  nervous  processes 
consisting  of  a  rigid  hyaline,  more  resiatant  substance  which  at 
a  short  distance  from  its  origin  in  the  nerve  cell  passed  directly 
over  into  a  meduUated  nerve  fibre  (Fig,  1)4 

•  otto  Deiters'  book,  Untersuchungeii  Ober  Oehim  und  Rtlckenrnark  des 
Mpnschen  und  dcr  SSugethipre.  BrauDschweig,  1365,  was  issued  bj  Max 
Schultie,  two  yeare  atter  the  author's  death. 

t  In  reality.  Deiters  describea  two  kinda  of  axis-cylinder  priwessos.  coarse 
and  fiiip,  the  description  in  the  teit  applying  to  the  rormer.  He  thought 
that  the  finer  ax ts-cf  Under  processes  could  be  present  in  lar;re  niimbors  on 
single  nerve  cells,  arising  from  the  protopla«mio  processes  anti  going  over 
into  the  fine  medullateilfibresot  the  central  nervous  organs.  These  Bneraxis- 
cyliiidcr  processes  have  been  recently  proved  by  the  delicate  histological  meth- 
ods of  Held  to  be  the  tcrminalH  of  axis-cylinder  processes  of  <ither  cells  thus 
ending  on,  not  arising  from,  the  cell  with  which  they  seeiu  to  be  connected. 
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Waldeyer,  in  his  excellent  review  of  the  more  recent  inves- 
tigations into  the  anatomy  of  the  nervous  system,*  lays  em- 
phasis upon  the  point  that  despite  the  enormous  value  of  his 
researches  Deiters  did  not  actually  demonstrate  the  connection 
of  a  ganglion  cell  of  the  central  nervous  system  with  a  periph- 
eral nerve  fibre,  a  fact  to  which  KoUiker  and  Gerlach  had  pre- 
viously made  reference.  The  connections  of  the  axis-cylinder 
processes  id  the  cells  of  the  ventral  horns  with  the  axis  cylin- 
ders of  the  fibres  of  the  motor  roots  of  the  spinal  nerves  were 
first  absolutely  established  by  the  use  of  Weigert's  mordant 
methods  of  staining  the  myelin  sheath,  f  The  counting  experi- 
ments of  Birge  J  in  Lud wig's  laboratory  showed  a  remarkable 
accordance  in  the  number  of  ventral  horn  cells  and  that  of  the 
fibres  in  the  ventral  roots,  and  led  many  physiologists  and  anat- 
omists to  the  belief  that  each  motor  fibre  in  the  ventral  root 
is  connected  with  a  corresponding  cell  within  the  gray  matter 
of  the  cord. 

More  widely  reaching  in  influence,  for  some  time  at  least, 
were  the  studies  of  Gerlach*  with  the  gold  method  and  the 
hypotheses  which  he  based  upon  them,  hypotheses  which  were 
responsible  for  an  immense  amount  of  polemical  writing  during 
the  fifteen  years  which  followed  their  introduction.  Gerla<;h, 
by  means  of  methods  of  isolation  and  treatment  with  chloride 
of  gold,  obtained  pictures  surpassing  by  far,  in  extent  and  deli- 
cacy, any  obtainable  with  the  older  methods,  and  affording  an 
entirely  new  concept  of  the  complexity  of  the  structure  of  the 

♦  Waldeyer,  W.  Ueber  einige  neuere  Porschungen  im  Oebieto  der  Ana- 
tomie  des  Centralnervensystems.  Deutsche  raed.  Wchnschr.,  Leipz.,  1891, 
Bd.  xvii,  S.  1244, 1267, 1287,  1331, 1352. 

t  Carl  Weigert's  methods  and  the  carmin  methods  of  Gerlach  in  conjunc- 
tion with  improved  technique  in  sectioning  have  contributed  enormously  to 
the  advance  of  investigations  in  neurology.  For  the  application  of  Wei- 
gert's methods  to  the  nervous  system  of  lower  animals  the  experiments  of 
C.J.  Herrick  may  be  referred  to  with  advantage.  (Cf.  Herrick,  C.  J.,  Report 
upon  a  Series  of  Experiments  with  the  Weigert  Methods — with  Special  Ref- 
erence for  Use  in  Lower  Brain  Morphology.  The  State  Hospitals  Bulletin, 
Utica,  vol.  ii,  1897,  pp.  431-461.) 

X  Birge,  E.  A.  Die  Zahl  der  Nervenfasern  und  der  motorischen  Gangli- 
enzellen  im  RQckenmark  des  Frosches.  Arch.  f.  Anat.  u.  Physiol.,  Leipz., 
1882.    Physiol.  Abth.,  S.  435-480. 

*  V.  Gerlach,  J.  Article,  The  Spinal  Cord,  in  A  Manual  of  Histology  by 
S.  Strieker.    American  Translation.    New  York,  1872. 


TUS  SKEVOCS  STSTKIL 


grny  tttattur  iit  thu  spinal  Lijrd  and  bnuo.     En  lulditioD  to  tbe 
bvidius  ^t  ihu  utirvv  ^.t^Ilti  tail  dieir  aukin  pruL-ewes.  ^)Co[d;»mic 
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the  gray  matter  (Fig.  2).  Not  satisfied  with  the  simple  descrip- 
tion of  his  findings,  he  proceeded  to  set  up  an  interesting  hy- 
pothesiB,  based  largely  upon  the  physiological  ideas  which  pre- 
vailed at  the  time,  regarding  protoplasmic  continuity.*  He 
concluded  that  he  had  to  deal  with  a  complex  nerve  network,f 
consisting  of  a  genuine  reticulum  of  delicate  fibrils  resulting 
from  the  fusion  of  the  ultimate  dendritic  branchings  of  the 
protoplasmic  processes  of  the  nerve  cells  of  the  central  organs. 
From  the  far  side  of  this  network,  through  gradual  fusion  and 
concentration  of  the  threads  belonging  to  it,  broader  fibres 
slowly  appeared,  which  finally  were  to  be  recognized  as  genuine 
nerve  fibres,  becoming  meduUated  and  forming  the  fibres  of  the 
dorsal  roots  (sensory  fibres)  and  in  part  the  white  fasciculi  of 
the  spinal  cord.  Gerlach's  view,  therefore,  was  that  the  axis 
cylinders  of  motor  nerve  fibres  represent  nervous  processes  com- 
ing off  directly  from  nerve  cells,  while  the  sensory  fibres  of  the 
dorsal  roots  are  to  be  looked  upon  as  nerve  fibres  arising  from 
nerve  cells  only  indirectly  through  the  intervention  of  a  diffuse 
nerve  network  made  up  of  their  protoplasmic  processes.  Thus, 
according  to  his  scheme,  with  which  Boll  and  Haller  essen- 
tially agreed,  the  whole  nervous  system  represents  a  protoplas- 
mic continuum — a  veritable  rete  mirabile  (Fig.  3).  Such  was 
the  state  of  affairs  at  the  time  when  what  we  are  accustomed 
to  call  the  "newer  investigations"  were  begun.  A  more  un- 
satisfactory condition  of  knowledge  or  a  more  prohibitive 
hypothesis  can  scarcely  be  conceived ;  all  ideas  of  tracing  out 


*  This  assumption  of  protoplasmic  continuity  has  also  been  made  use  of 
by  Mr.  Herbert  Spencer  in  the  development  of  his  doctrine  of  the  genesis  of 
nervous  systems.  Principles  of  Psychology,  New  York,  D.  Appleton  and 
Company,  vol.  i,  p.  520.  The  botanists,  following  especially  the  researches 
of  Gardiner,  teach  at  present  that  in  plant  tissues  the  protoplasm  of  all  the 
cells  forms  a  continuum^  a  fact  which  hinders  many  students  of  animal  his- 
tology from  asserting  too  positively  the  non-existence  of  such  a  continuum 
in  the  tissues  of  adult  animals.  The  demonstration  comparatively  recently 
of  the  so-called  plasma  bridges  connecting  epithelial  and  endothelial  cells, 
and  also  perhaps  the  elements  of  other  tissues  with  one  another,  is  interest- 
ing in  this  connection. 

f  In  gold  preparations  it  must  hiave  been  extremely  difficult,  and  was 
probably  impossible,  to  distinguish  a  network  from  a  feltwork.  A  German 
investigator,  speaking  of  the  frightfully  intricate  complex  of  fine  nerve 
fibrils  in  the  central  nervous  system,  referred  to  it  as  the  Bierfilz  der  grauen 
Suhsianz, 
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definite  conduction  paths  or  of  localization  of  function  within 
system  seemed  well-nigh  hopeless ;  in  the 

X     y    z  a     b  f 
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toplUHDiic  pruceme)!  unitinft  to  rorm  ■  network,  g,  in  which  the  fibres  of  the 
doreal  tikiI  terminate  :  r,  celU  of  donal  homs,  the  prut<>plaflniic  pruuiMSCH  of 
which  aro  united  tv  the  network,  q ;  *,  axeending  fiuclculnii  of  lateral  r^l- 
umn  ;  I,  lateral  p^'ramidal  tract ;  n.  n.  fibres  of  donwl  root  temiiniitinK  in  the 
network ;  r,  foAcieulDB  cuneatua  of  Burdach  ;  p,  bsciculua  gracilis  uf  (loll ; 
I.  median  dunal  huIcub. 

general  diffuse  network  investigators  were  halted  hy  what  ap- 
peared to  be  an  insuperable  barrier. 


CHAPTER  II. 

THE  STUDIES  OF   HIS,   GOLGI,   ANT)   FOREL. 

The  newer  investigations — Oolgi^s  method — Types  of  nerve  cells  described 
by  Golgi — Cell  of  Type  I  and  cell  of  Type  II — Golgi^s  hypotheses — Con- 
tributions of  His  and  Forel — Opposition  to  the  idea  of  a  nerve  network 
— Origin  of  the  idea  of  a  nerve  feltwork  or  neuropilem — Doctrine  of 
the  individuality  of  the  nerve  elements — The  principle  of  contact  for- 
mulated. 

Then  followed  a  series  of  researches,  the  majority  of  which 
date  since  the  year  1880,  and  with  which  the  names  of  Golgi, 
His,  Forel,  KoUiker,  Ram6n  y  Cajal,  van  Gehuchten,  Retzius, 
and  von  Lenhossek  are  inseparably  connected.  These  investi- 
gations led  to  a  complete  revolution  in  the  ideas  regarding  the 
elements  of  which  the  nervous  system  is  constructed  and  the 
mode  in  which  these  elements  are  put  together  in  its  architec- 
ture. It  may  surprise  many  to  learn  that  the  now  world-famed 
Golgi's  method  was  first  described  by  its  inventor,  Camillo 
Golgi,  of  Pavia,  as  early  as  1873.*  But  little  attention  was 
paid  to  it  by  investigators  in  other  countries,  however,  until 
more  than  twelve  years  later,  when  he  published  his  volumi- 
nous article.  Concerning  the  Finer  Anatomy  of  the  Central 
Organs  of  the  Xervous  System,  f  The  method  is  now  so  well 
known  that  it  is  unnecessary  to  describe  it  here  in  detail.  It 
will  be  recalled  that  it  depends  upon  the  treatment  with  a  solu- 
tion of  nitrate  of  silver  after  previous  immersion  of  the  per- 
fectly fresh  tissue  for  a  longer  or  shorter  time  in  a  solution  of 


•  Oolgi,  C.  Sulla  struttura  della  sostanza  grigia  del  cervello.  Gazzetta 
medica  italiana  lombardia,  t.  vi,  1873.  Golgi's  contributions  to  the  bibliog- 
raphy of  the  nervous  system  have  been  collected  and  translated  into  German 
by  Teuscher.  Cf.  Golgi,  C,  Untersuchungen  tlber  den  feineren  Bau  des 
centralen  und  peripherischen  Nervensystems,  Jena,  Fischer,  1894. 

t  Golgi,  C.  Sulla  fina  anatoinia  degli  organi  centrali  del  sistema  ner- 
voBo.  Riv.  sper.  di  freniatr.,  Reggio-Emilia,  1882,  vol.  viii,  pp.  165,  361 ; 
1883.  vol.  ix,  pp.  1, 161,  385;  1886,  vol.  xi,  pp.  72, 193. 
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bichromate  of  potassium.*  The  nerve  cells  and  their  prooesses 
stain  intensely  black  and  stand  out  prominently  on  the  white 
or  yellow  ground.  The  pictures  obtained  are  in  extent,  clear- 
ness, and  sharpness,  at  least  as  far  as  the  external  form  of  the 
element  is  concerned,  incomparably  superior  to  those  obtain- 
able by  any  other  known  technical  method.f    As  a  rule,  cer- 

*  The  slow  chromate  of  silver  method  recommended  bj  Golgi  is  ased  as 
follows :  Pieces  of  tissue  are  hardened  in  MtlUer's  fluid  for  at  least  one  or 
two  months.  Thej  are  then  transferred  to  a  bath  of  dilute  silver-nitrate 
solution,  where  thej  remain  for  from  one  to  three  days,  after  which  the  tis- 
sue may  be  cut  into  sections,  after  very  rapid  imbedding. 

The  method  now  almost  universally  employed  is  the  quick  method  in 
which  osmic  acid  and  potassium  bichromate  are  used.  Small  pieces  of  liv- 
ing tissue,  not  exceeding  four  millimetres  in  thickness,  are  fixed,  at  a  tem- 
perature of  25°  C,  for  from  one  to  four  days  in  the  following  mixture, 
recommended  by  Ram6n  y  Cajal :  Bichromate  of  potassium,  3  grm. ;  dis- 
tilled water,  100  c.  c. ;  one-per-cent  solution  of  osmic  acid,  30  c.  c.  For  each 
piece  of  tissue,  four  millimetres  square,  ten  cubic  centimetres  of  this  mixture 
should  be  employed.  After  the  fixation  the  pieces  are  quickly  washed  in 
distilled  water,  and  then  immersed  in  a  0.75-per-cent  solution  of  silver 
nitrate.  They  are  permitted  to  remain  in  the  silver  bath  for  from  one  to 
three  days.  They  are  then  very  rapidly  imbedded  in  celloidin  and  cut  into 
sections,  serial  if  desireil,  with  the  aid  of  a  microtome.  The  sections  are  to 
be  quickly  dehydrated  by  passing  them  through  several  dishes  of  ninety- 
five-per-cent  alcohol.  The  clearing  is  best  done  with  oil  of  bergamot  (Berk- 
ley). On  the  slide  the  excess  of  oil  is  removed  with  blotting  paper  pressed 
directly  upon  the  sections  (Welch),  and  a  drop  of  thick  balsam  is  placed 
upon  each  section.  No  cover  slip  is  to  be  applied.  If  desired,  the  sections 
may  be  mounted  upon  thin  glass  or  isinglass,  which  may  then  be  fastened 
to  a  glass  slide  by  means  of  glass  beads,  the  side  on  which  the  sections  are 
being  down,  to  protect  them  from  dust  (Edinger). 

For  some  researches  the  modification  of  Cox  can  be  especially  recom- 
mended. According  to  W.  H.  Cox  (Traprttgnation  des  centralen  Nervensys- 
tems  mit  Quecksilbersalzen.  Arch.  f.  mikr.  Anat.,  Bd.  xxxvii  (1891),  S.  16), 
the  fresh  tissues  are  to  be  hardened  for  from  two  to  five  months  in  the  fol- 
lowing fiuid:  Of  a  five-per-cent  solution  of  bichromate  of  potassium,  20 
parts ;  five-per-cent  solution  of  bichloride  of  mercury,  20  parts ;  distilled 
water,  40  parts.  Mix,  and  add  five-per-cent  solution  of  chromate  of  potas- 
sium, 16  parts.  The  tissues  are  then  to  be  washed  for  half  an  hour  in 
ninety-per-cent  alcohol,  then  imbedded  and  sectioned  (preferably  with  the 
freezing  microtome)  as  in  Golgi's  method.  The  sections  are  placed  for 
from  one  to  two  hours  in  a  five-per-cent  solution  of  sodium  carbonate,  or  in 
ammonia  solution ;  then  washed  in  distilled  water,  quickly  dehydrated, 
cleared,  and  mounted  in  balsam  without  cover  glass. 

t  Such  pictures  afford  suitable  objects  for  reproduction  by  photography. 
Compare  the  beautiful  Atlas  of  Nerve  Cells,  of  Starr,  Strong,  and  Learning, 


DEVELOPMENT  OF  THE  NEURONE  CONCEPT.  H 

tain  only  of  the  nerve  structures  present  are  found  to  bo  im- 
pregnated in  a  successful  preparation.  Whether  this  effect  is 
dependent  or  not  upon  functional  conditions  of  the  tissues  at 


Fia.  4,— 4'inlgi's  c«11  of  Ttdv  I.  Oil  Troiu  the  optic  tract  i(  the  cat  latent!  tVum 
the  lateral  KeiiiculBtR  hadj.  (After  Kolliker. )  lUilUtInK  fnnn  the  crll  hnd; 
are  ta  bv  Been  very  nuiiiy  prutoplaamic  pmnwHCB  whtvh  nhnw  a  bnni]  wedge 
of  origin  and  branch  charactariHtically ;  the  Hingle  aiia-tylindor  process  n 
has  a  smooth  Hurfaco  and  tolurably  evmi  calibre,  which  ix  maintained  fur  a 
considerable  distance  from  the  cull.  It  givesoffa  few  delicate  lateral  branches 
or  collate  rala.  r. 

the  moment  of  immersion  we  do  not  as  yet  know ;  certain  it 
is  that  a  distinct  advantage  is  gained,  inasmuch  as  the  elements 
are  represented,  as  it  were,  in  a  diagrammatic  manner,  and  the 
study  of  them  is  in  a  high  degree  facilitated.* 

New  York,  1896,  and  the  photop^pha  by  Hoen  ilhistr*ting  Berkley's  pub- 
lications. 

•  A  valuable  critique  of  the  Oolgi  method,  its  nature  and  results,  is  that 
of  A.  Hill,  The  Chrome-Silver  Method,  Brain,  Lond.,  voL  xiz,  1896.  pp. 
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Golgi,  by  the  application  of  these  silver  methods  to  the 
gray  matter  of  the  cerebro-spinal  nervous  system,  recognized 
nerve  structures  varying  in  character,  which  he  grouped  into 
two  main  categories  of  nerve  cells — cells  of  Type  I  and  cells  of 
Type  II.  The  cell  Type  I  (Fig.  4),  as  described  by  Golgi, 
agrees  in  the  main  with  the  general  description  of  a  central 
nerve  cell  given  by'Deiters,  being  characterized  by  much- 
branched  protoplasmic  processes  (usually  multiple)  and  a  sm- 
gle  axis-cylinder  process.  That  the  latter  was  unbranched, 
however,  as  Deiters  maintained,  Golgi  denied,  and  his  discov- 
ery of  "  side  branches  "  upon  the  axis-cylinder  processes,  first 
of  the  pyramidal  cells  of  the  cerebral  cortex,  and  later  upon 
those  of  the  Purkinje  cells  of  the  cerebellum,  represents  an 
advance  of  a  degree  of  importance  utterly  beyond  Golgi's 
conception  at  that  time.* 

These  side  branches  given  off  by  the  axis-cylinder  process 
of  cell  Type  I  are  usually  delicate,  and  exercise  a  hardly  per- 
ceptible influence  upon  the  calibre  of  the  main  fibre,  which 
retains  its  individuality  at  least  for  a  long  distance  from  the 
cell.  Golgi  noted  that  these  side  branches  exist  also  upon  the 
motor  fibres  arising  from  the  cells  of  the  ventral  horns,  and 
that  similar  ones  are  given  off  by  the  fibres  of  the  white  fas- 
ciculi of  the  spinal  cord,  whence  they  run  into  the  gray  matter. 

The  branching  of  the  axis-cylinder  process  shows  quit«  a 
different  behavior,  however,  in  the  cell  of  Type  II  (Fig.  5), 
and  indeed  it  is  the  axis  cylinder  which  is  morphologically 
characteristic  in  the  t^o  classes  of  cells  rather  than  the  pro- 
toplasmic processes.  The  axis  cylinder  of  a  cell  of  Type  II 
begins  to  divide  almost  immediately  after  its  departure  from 
the  cell  body  which  gives  it  origin,  breaking  up  in  a  dendritic 
manner  into  a  large  number  of  fine  branches,  the  main  process 
retaining  its  individuality  and  being  distinguishable  for  a  com- 
paratively short  distance  (Fig.  6),  and  never  appearing  to  leave 
the  gray  matter. 

Not  taking  into  account  certain  observations  upon  neu- 
roglia, it  may  be  said  that  the  most  important  contributions 

1-42.  C.  Weigert  has  recently  reviewed  the  technique  of  the  Golgi  method 
in  Merkel-Bonnet's  Ergebnisse  der  Anatomie  u.  Entwick.,  Bd.  t,  Wies- 
baden, 1896,  S.  7. 

*  Waldeyer  mentions  that  he  himself  noted  the  branching  of  the  central 
process  of  the  Purkinje  cells  as  early  as  1863. 
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of  Golgi  in  the  domain  of  neoro-histology  •  consist  in  (1)  the 
invention  of  the  silver  method  of  staining;  (2)  the  recognition 
within  the  central  re- 
gions of  cells  of  differ- 
ent types  (Type  I  and 
Type  II);  (3)  the  discov- 
ery of  lateral  branches 
from  the  axis-cylinder 
processes  and  the  fact 
that  the  majority  at  any 
rate  of  the  nerve  cells 
possess  only  one  axis- 
cylinder  process ;  (4)  the 
demonstration  that  the 
protoplasmic  processes 
branch  manifoldly  with- 
out anaetomosing,  all 
running  out  to  ultimate- 
ly terminate  blindly. 

Unfortunately,  Golgi, 
not  contented  with  de- 
scribing these  objective 
findings,  gave  utterance 
to  a  number  of  hypoth- 
eses, particularly  with 
regard  to  certain  func- 
tional relations  and  to 
the  ultimate  fate  of  the 
side  fibrils  given  off  by 
the  axis  -  cylinder  proc- 
esses, which  led  him  and 
many  after  him  into  a 
whole  labyrinth  of  er- 
rors. Concerning  these  I  shall  have  something  to  say  further 
on.  For  the  present,  it  will  suffice  to  state  that  Golgi  believed 
that  the  cells  of  Type  I  were  motor  cells,  and  the  cells  of 
Type  11  sensory  cells ;  that  Oerlach's  difluee  nerve  network, 

•  Golgi's  fome  ae  an  investigator  does  not  depend  entirely  upon  his  bril- 
liant researches  on  the  nervous  gyslem.  His  stmliea  of  the  different  varie- 
ties of  malarial  parasites  transformwi  c-linical  ideas  upon  the  subject  and 
would  alone  have  sufficed  to  make  his  name  lasting. 


Fin.  S.— Nerve  cell  with  short  bnnched  aiia 
cylinder  ( ]>r.  cut. )  fn>ni  the  giaiiular  layer 
or  the  curebelluDi  of  a  ral  aKed  eight  dajnt. 
GolKi'soull  Type  II.  (Aft«r  Van  Gohuuh- 
len.) 
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arising  from  the  anastomosis  of  protoplasmic  processes  and 
connected  with  sensory  fibres  on  the  distal  side  of  the  net- 


"^^^f 


PlO.  6. — Golgl'scell  of  Type  11  or  dendraione  from  the  ccrchram  of  a  caL  (After 
Kolliker.)  The  coaree  protoploBoilc  proojsBCB,  i,  are  eaiilly  diBtinguUhshlo 
from  the  axi8-cyliiidur  procuHS.  a,  thouKh  tho  Utter  suon  loeea  its  iilentity. 
exhauBtiDg  itself  by  multiple  divleiun  at  a  shurt  diHtuni%  fnim  thv  evil. 

work,  had  no  existence  in  fact,  but  that  there  did  exist  a  diffuse 
nerve  network  (intreccio)  within  the  gray  matter*  made  up  of 

*  Qolgi  has  never  pictured  this  network,  and  in  all  bis  writings  he  has 
spoken  of  it  in  a  very  iudrflnite  manner  and  with  great  reserve.  For  exam- 
ple, in  his  Studi  sulla  ftna  anatoroia  degli  organi  ceiitrali  del  siBtema  ner- 
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the  many  branches  of  the  axis  cylinders  of  the  cells  of  Type  II 
and  the  side  fibrils  of  the  axis  cylinders  of  the  cells  of  Type  I. 
Protoplasmic  processes,  in  his  opinion,  possess  no  nervous 
function,  but  represent  simply  portions  of  the  protoplasm  of 
the  nerve  cell  which  run  out  to  be  connected  with  the  blood- 
vessels or  neuroglia  cells  in  order  to  gather  nourishment 
from  them.  Golgi  believed  that  the  dorsal  root  fibres  on 
entering  the  cord  branch  freely  and  terminate  by  becoming 
a  part  of  the  diffuse  nerve  network  in  the  gray  matter,  the 
sensory  impulses  reaching  the  axones  of  the  motor  fibres 
through  their  side  fibrils,  which,  he  thought,  are  connected 
with  the  distal  side  of  the  general  network.  In  this  way 
the  dendrites  and  the  cell  body  are  excluded  from  the  reflex 
arc  (Fig.  7).  Epoch-making  as  were  his  actual  discoveries, 
the  admixture  with  facts  of  such  hypotheses  was  indeed  un- 
fortunate. 

The  credit,  I  think  with  justice,  has  been  given  by  both  van 
Gehuchten  and  von  Lenhossek  to  His,  of  Leipsic,  and  to  Forel, 
of  Zurich,  for  having  directed  the  first  telling  blows  against  the 
doctrine  of  a  diffuse  nerve  network  and  in  favor  of  the  inde- 
pendence of  the  individual  nerve  elements.  The  distinguished 
anatomist  *  has  since  the  year  1881  busied  himself,  in  the  main, 
with  the  study  of  the  morphology  and  histogenesis  of  the 
nerve  organs,  and  his  results  in  this  field  may  justly  be  classed 
among  the  most  striking  achievements  of  a  life  of  indefatigable 
activity. 

Toso,  Milano,  1886,  p.  81,  he  says :  "  Out  of  all  these  branchings  of  the  dif- 
ferent nerve  processes  there  arises,  of  course,  an  extremely  complicated 
texture  which  extends  throughout  the  whole  of  the  gray  substance.  That 
out  of  the  innumerable  further  subdivisions  by  means  of  complicated  anas- 
tomoses there  arises  a  network,  in  the  strict  sense,  and  not  simply  a  felt- 
work,  is  very  probable ;  indeed,  one  would  be  inclined  from  some  of  my 
preparations  to  believe  in  it,  but  the  extraordinary  complication  of  the 
texture  does  not  permit  this  to  be  declared  as  certain."  In  a  later  article. 
La  rete  nervosa  diffusa  degli  organi  centrali  del  sistema  nervoso ;  suo  signi- 
ficato  fisiologico  (Rendiconti  del  R.  Istituto  Lombardo,  ser.  ii,  vol.  xxiv, 
1891,  pp.  595,  656 ;  Transl.  in  Arch.  ital.  de  bioL,  Turin,  1891,  t.  xv,  pp.  434- 
463),  Golgi  has  dealt  with  this  topic  at  length,  replying  to  the  objections 
which  have  been  urged  against  the  existence  of  the  diffuse  nerve  network 
and  commenting  upon  its  physiological  significance. 

♦  The  monographs  of  His  upon  the  chick  and  his  researches  upon  the 
anatomy  of  human  embryos  contain  results  of  personal  work  which  repre- 
sent a  goodly  proportion  of  what  is  reliable  in  modem  embryology. 
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His  investigations  led  him  early  to  the  conclusion  that  from 
the  beginning  the  forerunners  of  the  nerve  cells — ^the  neuro- 
blasts— are  entirely  distinct  from  and  independent  of  one  an- 
other. They  appear  at  first  as  oval  or  pear-shaped  cells  with 
smooth  cell  bodies  entirely  devoid  of  processes;  later,  at  the 
end  of  the  cell  originally  directed  away  from  the  outside  of  the 
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Fio.  7. — Schematic  representation  of  the  dilRise  nerve  network  supposed  hy  some 
investigators  to  be  fonne<i  by  means  of  the  side  fibrils  of  cell  Type  I  and  the 
axones  of  cell  Type  II.  The  sensory  fibres  of  the  dorsal  root  are  shown  en- 
tering into  connection  with  this  diff\]se  nerve  network,  and  the  course  of 
impulses  concerned  in  simple  reflexes  according  to  this  view  is  shown  by  the 
direction  of  the  arrows.  By  this  means  the  cell  body  and  protoplasmic  pro- 
cesses were  supposed  to  be  excluded  from  the  reflex  arc.  The  dendrites  were 
8upi)06ed  to  be  purely  nutritive  in  function,  passing  out,  to  be  connectjed  with 
the  Walls  of  blood-vessels,  whence  the  nutrient  supply  was  derive<l,  as  shown 
in  the  figure.  All  the  evidence  goes  to  show  that  this  view  is  incorrect,  v.  fc., 
ventral  horn  of  gray  matter ;  d.  h.,  dorsal  horn  ;  ».  /.,  side  fibril  from  axis 
cylinder  of  motor  cell  of  ventral  horn  passing  back  into  the  hypt)thetical  dif- 
fuses nerve  network ;  pr.  »rof.,  protoplasmic  process  of  motor  cell  of  ventral 
horn  passing  through  white  matter  to  blood  capillary  of  the  pia ;  bl.  cap., 
blood  capillaries  (1)  in  the  gray  matter,  (2)  in  the  pia,  with  which  the  pro- 
toplasmic processes  were  suppostni  to  be  connected  or  related ;  d.  r.  /.,  fibre 
of  dorsal  root  sending  branches  into  the  gray  matter  to  terminate  in  the  dif- 
fuse nerve  network ;  Gol^i  cell  Type  11,  cell  in  the  gray  matter,  its  much- 
branched  axis-cylinder  process  helping  to  form  the  diffuse  network  ;  np.  g., 
spinal  ganglion ;  per.  a.  /.,  peripheral  sensory  nerve  fibre ;  ».  ».,  scn.sory  sur- 
face ;  r.  m.,  voluntary  muscle  innervat<*d  by  fibre  of  ventral  root. 

body,  there  arises  a  projection  which  corresponds  to  the  sub- 
sequent axis  cylinder  of  a  nerve  fibre.  The  protoplasmic  pro- 
cesses do  not  develop  till  afterward  and  branch  soon  after  their 
appearance.  The  fibres  of  the  dorsal  roots  of  the  spinal  nerves 
represent  processes  of  cells  situated  in  the  spinal  ganglia  and 
their  terminations  lie  free  inside  the  spinal  cord.  In  these  early 
stages  there  is  no  anastomosis  between  the  different  processes 
of  a  single  nerve  element,  nor  could  His  make  out  in  the  later 
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developmental  periods  any  evidence  of  the  fusion  of  the  pro- 
cesses of  one  cell  with  those  of  another.*  His,  therefore,  op- 
posed the  idea  of  a  diffuse  network,  attributing  the  appearances 
which  suggested  it  to  the  existence  of  a  most  complex  felt- 
work  {Neuropilem)  composed  of  the  finer  subdivisions  of  the 
processes  of  the  nerve  cells. 

It  was  in  1887  that  Nansen  published  his  comprehensive 
article  on  the  structure  of  the  nervous  sjstem,t  in  which  he 
attempted  to  show  that  the  axis-cylinder  processes  of  the  nerve 
cells  are  made  up  of  multiple  tubes  of  minute  size.  It  is  of 
no  little  interest  that  the  celebrated  Arctic  explorer  at  this 
early  period  recognized  the  high  importance  of  the  discoveries 
of  Golgi.     On  page  71  of  his  article  he  says : 

**  I  think  it  is  indeed  also  very  strange  that  neither  Rawitz 
nor  Haller  (nor  most  modem  writers)  are  acquainted  with  the 
excellent  papers  on  the  central  nervous  system  of  vertebrates 
by  Golgi.  They  quote  a  great  many  other  and  less  important 
writers,  but  they  do  not  seem  to  know  this  eminent  histologist 
who,  in  my  opinion,  has  really  introduced  a  new  epoch  in  our 
researches  into  the  structure  of  the  nervous  system."  Nansen 
pictures  distinctly,  in  Figs.  Ill  and  112  accompanying  his  re- 
port, the  bifurcation  of  the  fibres  of  the  dorsal  roots  of  the 
spinal  nerves. 

The  criticism  which  appeared  at  this  period  from  the  pen 
of  Forel,  the  celebrated  Zurich  psychiatrist,^  is  of  extreme 
value  from  a  historical  standpoint.  Well  versed  in  the  results 
of  pathological  anatomy  and  experimental  pathology,  and  ac- 
quainted with  the  earlier  work  of  His,  Forel,  in  a  short  essay, 
discussed  the  status  of  neuro-histology  at  the  time,  including  in 
his  criticism  the  results  and  hypotheses  of  Golgi.  He  recog- 
nized fully  the  importance  of  Golgi's  objective  findings,  but 

♦At  the  end  of  an  article,  Zur  Geschichte  des  menschlichen  RUcken- 
markes,  dat^d  1886,  His  says :  "  Als  feststehendes  Princip  vertrete  ich  dabei 
den  Satz  :  dass  jede  Nervenfaser  aus  einer  einzigen  Zelle  als  Ansl&ufer  her- 
Torgeht.  Diese  ist  ihr  genetisches,  ihr  nutritives  und  ihr  functionelles  Cen- 
trum :  alle  anderen  Verbindungen  der  Faser  sind  entweder  nur  mittelbare 
Oder  sie  sind  secundftr  entstanden." 

t  Nansen,  F.  The  Structure  and  Combination  of  the  Histological  Ele- 
ments in  the  Central  Nervous  System.  Bergens  Museum  Aarsberetning  for 
1886.    Bergen,  1887. 

X  Forel,  A.     Einige  himanatomische  Betrachtungen  und  Ergebnisse. 
Arch.  f.  Psychiat.  und  Nervenkr.,  Berl.,  Bd.  xviii,  1887,  S.  162-198. 
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with  peculiar  keenness  of  perception  sifted  out  the  facts  from 
the  hypotheses.  He  entered  a  strong  protest  against  the  net- 
work theory  and  spoke  for  the  maintenance  of  the  individual- 
ity of  the  nerve  elements.  Forel  recognized  the  importance  of 
the  "  caprice  "  of  the  Golgi  method  in  staining  an  element  only 
here  and  there  as  bearing  upon  the  independence  of  the  neiTe 
units,  but  it  is  his  utilization  of  the  studies  of  secondary  degen- 
erations which  makes  his  communication  of  the  deepest  signifi- 
cance. He  pointed  out  that  not  only  does  the  distal  end  of  a 
divided  motor  fibre  undergo  rapid  disintegration  after  section 
(Wallerian  degeneration),  but  that  also,  in  contradiction  to  the 
doctrine  of  Waller,  the  proximal  end  undergoes  cellulipetal  de- 
generation, though  often  much  more  slowly  (von  Gudden's  law), 
when  the  division  of  the  fibre  has  occurred  at  the  point  of  exit 
of  the  motor  nerve  from  the  central  system.  Forel  further  em- 
phasized the  fact  that  when  degeneration  involves  a  tract  of 
nerve  fibres  it  extends  only  as  far  as  the  termination  of  the 
tract.  If  atrophy  of  nerve  cells  and  nerve  fibres  occurs  beyond 
the  termination  of  the  tract,  it  is  of  a  fundamentally  different 
character  from  that  which  affects  the  tract  undergoing  typical 
secondary  degeneration.  Whereas  in  the  latter  process  a  rapid 
and  complete  disintegration  with  absorption  occurs,  in  the  other 
case  there  is,  as  a  rule,  only  a  diminution  in  the  calibre  of  the 
nerve  fibres  and  a  shrinking  in  size  of  the  nerve  cells  (so-called 
indirect  atrophy). 

To  illustrate  this  point,  Forel,  happily  it  would  seem,  chose 
the  experimental  degenerations  produced  by  von  Oudden  and 
von  Monakow  in  the  domain  of  the  sensory  conduction  path 
leading  from  the  retina  to  the  cerebral  cortex.  Whereas  if,  on 
the  one  hand,  in  an  animal  like  the  rabbit  in  which  the  decus- 
sation of  the  fibres  in  the  optic  chiasm  is  almost  total,  one  eye 
be  extirpated,  there  results  almost  total  degeneration  of  the  cor- 
responding optic  nerve,  and  of  the  opposite  optic  tract,  together 
with  a  considerable  diminution  in  size  of  the  lateral  geniculate 
body,  owing  to  the  disappearance  not  of  its  nerve  cells  but  of  the 
gelatinous  substance  between  the  cells  (consisting  of  the  terminal 
ramifications  of  the  optic  fibres  which  have  entered  it) ;  on  the 
other  hand,  if  the  visual  area  of  the  cerebral  cortex  be  extir- 
pated, the  lateral  geniculate  body  of  the  same  side  degenerates, 
but  in  an  entirely  different  way.  In  the  latter  instance  it  is  not 
the  gelatinous  substance  which  disappears,  but  the  nerve  cells 
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themselves  vanish.  The  obvious  deduction  from  the  patholog- 
ical findings  is  that  between  the  retina  and  the  occipital  cortex 
at  least  two  nerve  units  are  interposed,  one  extending  from  the 
retina  to  the  optic  centres  at  the  base  of  the  brain,  and  the 
second  from  the  latter  centres  to  the  cortex  of  the  cerebrum. 
The  limits  of  a  given  degeneration  under  pathological  condi- 
tions correspond  in  extent  to  those  of  the  unit  or  units  involved 
in  the  lesion.  Finally,  for  the  first  time  do  we  find  stated  clear- 
ly in  this  article  the  principle  of  contact  as  an  explanation  of 
the  correlations  of  the  nerve  cells  and  their  processes  within  the 
gray  matter,  a  principle  the  formulation  of  which  has  been 
of  considerable  influence  in  the  development  of  neurological 
knowledge,  but  one  which,  as  we  shall  see  later,  is  not  wholly 
in  accord  with  the  facts. 


CHAPTER  III. 

THE   STUDIES  OF   RAMON   Y    CAJAL    AND   OTHERS   WITH   OOLOl'S 
METHOD   AND  WITH   MODIFICATIONS  OF  THAT  METHOD. 

Researches  of  Ram6n  y  Cajal — Denial  of  occurrence  of  anastomoses  among 
nerve  elements — The  collateral  branches  of  the  axis-cylinder  processes 
— Tendency  to  external  morphological  uniformity  among  the  nerve 
elements — ^Transition  forms  between  cells  of  Type  I  and  cells  of  Type  II 
— The  cells  in  sensory  and  motor  regions — Studies  of  other  inyestigators. 

The  contributions  of  Forel  and  His,  well  supported  and 
convincing  as  they  were,  did  not,  however,  suffice  to  eradicate 
the  older  ideas  of  a  reticulum  from  minds  in  which  they  were 
as  firmly  established  as  are  most  prejudices  and  preconceived 
ideas  taken  in  with  mother's  milk.,  To  appreciate  discoveries 
based  partly  upon  pathological  experience,  but  largely  upon 
studies  in  histogenesis,  a  field  whose  fruits  had  not  yet  at- 
tained the  appreciation  they  deserved,  a  conservative  medical 
world  required,  for  its  awakening,  influences  still  more  arous- 
ing. These  were  soon  forthcoming  and  from  an  unexpected 
quarter. 

If  we  may  believe  a  popular  rumor,  something  more  than 
ten  years  ago  a  young  doctor  in  Spain,  a  country  remarkable 
from  a  medical  standpoint  up  to  his  time  for  its  barrenness  in 
original  research,  applied  for  a  position  in  microscopy,  which 
was  refused  him.  His  pride  wounded  keenly,  he  renounced  his 
social  relations,  purchased  a  small  library  on  histological  sub- 
jects, paid  special  attention  to  certain  technical  methods, 
worked  like  a  slave  at  his  subject,  and  a  decade  later  found 
himself  famous.  Santiago  Ram6n  y  Cajal  has  left  Barcelona 
behind  him  and  is  now  professor  at  Madrid,  has  lectured  before 
international  audiences,  and  has  won  the  admiration  and  respect 
of  the  whole  scientific  world ;  he  is  a  medical  immortel.  The 
story,  even  if  it  be  not  true,  is  certainly  well  invented.  Begin- 
ning with  two  articles  in  the  year  1888,  one  upon  the  retina  of 
20 
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birds*  and  the  other  upon  the  nerve  fibres  of  the  molecular 
layer  of  the  cerebellum,!  Ramon  y  Cajal  exhibited  during  the 
next  few  years  a  most  astonishing  productive  activity,  J  which, 
judging  from  the  nature  of  his  articles  in  current  journals,  is 
by  no  means  yet  exhausted. 

A  brief  inquiry  into  the  contributions  of  Ramon  y  Cajal  can 
not  fail  to  make  clear  why  they  almost  immediately  attracted 
close  attention  in  widely  distant  quarters.  Leaving  out  of  con- 
sideration the  immense  mass  of  detailed  discoveries  with  which 
Ram6n  y  Cajal  has  enriched  the  finer  anatomy  of  the  spinal 
cord  and  brain,  the  salient  features  of  his  work,  those  which 
make  it  bo  significant  as  regards  our  present  concept  of  the  ele- 
mentary structure,  are  (1)  the  demonstration  (apparently  defi- 
nite at  the  time)  of  the  complete  independence  of  at  least  the 
majority  of  the  nerve  elements,  the  branches  of  the  axis  cylin- 
ders  forming  anastomoses  no  more  than  those  of  the  dendrites ; 
(2)  the  appreciation  of  the  widespread  occurrence  and  signif- 
icance of  the  lateral  branches  (collaterals)  of  the  axis-cylinder 
processes ;  and  (3)  the  demonstration  of  the  striking  uniformity 
in  general  structure  of  the  majority  of  the  nerve  elements  in  all 
parts  despite  multiple  minor  morphological  variations. 

Gblgi,  as  I  have  said,  had  denied  the  existence  of  a  network 
made  up  of  anastomosing  protoplasmic  processes,  but  believed 
in  a  diffuse  nerve  reticulum  composed  of  the  united  fibrils  re- 
sulting from  the  complicated  subdivisions  of  the  axis  cylinders 
of  cells  of  Type  II  and  the  lateral  fibrils  of  the  axis  cylinders  of 
cells  of  Type  I.     The  Spanish  investigator  emphatically  denied 

*  Ram6n  y  Cajal,  S.  Estructura  de  la  R6tiDa  de  las  Aves.  Revista  Trim. 
de  Histologia  Normal,  etc.,  Nos.'l  y  2,  Mayo  y  Agosto  de  1888.  Quoted  by 
Ton  Lenhoss^k. 

f  Sobre  las  Fibras  Nervosias  de  la  Capa  Molecular  del  Cerebello.  Re- 
Tista  Trim,  de  Hist.,  etc.,  Agosto,  1888.    Quoted  by  von  Lenhossck. 

{  I  have  references  to  no  less  than  nine  articles  on  the  nervous  system 
bearing  his  name,  published  during  the  year  1890  alone.  It  would  occupy 
too  much  space  to  give  here  a  complete  list  of  his  publications.  An  epitome 
of  his  views  is  to  be  found  in  Les  nouvelles  ideas  sur  la  structure  du  sys- 
teme  nerveux  chez  I'homme  et  chez  les  vertebras,  French  by  Azoulay,  Paris, 
1894,  and  in  the  Croonian  Lecture,  La  fine  structure  des  centres  nerveux, 
Proceedings  of  the  R«yal  Society,  London,  vol.  Iv,  1894,  pp.  444-468.  This 
lecture  was  delivered  in  French  and  published  in  the  same  language.  A 
brief  but  inaccurate  abstract  of  it  in  English  was  printed  in  the  British 
Medical  Journal,  1894,  i,  p.  543. 
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the  existence  of  any  such  diffuse  nerve  network.  He  main- 
tftined  that  in  the  cerebro-spinal  nervoug  sygtem  the  axis-cylin- 
der processes  and  their  lat> 
eral  branches,  belonging  to 
no  matter  what  nerve  cell, 
always  run  out  to  end  free 
within  the  gray  matter.* 
They  often  enter  into  close 
proximity  to  other  nerve 
cells  and  interlace  with 
their  protoplasmic  proces- 
ses, but  nowhere  could  any 
evidence,  by  means  of  the 
method  he  employed,  be 
found  of  actual  union — the 
interrelationg  of  the  nerve 
elements  depending  entire- 
ly upon  contact  or  contigu- 
ity, not  upon  organic  con- 
nection. Thia  wag  proved, 
he  believed,  to  be  true  not 
only  of  embryonic  struct- 
ures, but  also  of  the  tissues 
of  the  adult,  so  that  the 
nenropilem  of  His  and  the 
contact  principle  of  Forel 
met  with  full  confirmation 
in  the  researches  of  Ram6n 
y  Cajal. 

The  side  fibrils  discovered  by  Golgi  upon  some  of  the  axis- 
cylinder  procesaes  were  made  by  Ramon  y  Cajal  an  object  of 
special  study.  Particularly  fortunate  in  this  regard  was  his 
application  of  the  silver  staining  to  the  embryonic  cord.f  He 
found  that  in  embryo  chicks  after  the  fifth  day  of  incubation 
it  was  easy  to  stain  many  of  the  axis  cylinders  of  the  white 
fasciculi,  but   was  astonished   to   find  coming  oS  from  each 

*  111  his  earlier  publicationa  RsmAti  j  Cajal  made  certain  reHervatinns 
and  spoke  of  possible  exceptions,  bat  laUr  he  denied  all  anastomosis  between 
the  processeg  of  nerve  cells,  thus  going  too  far,  as  will  be  seen  later. 

t  Ram6n  y  Cajal,  S.  Sar  I'origine  et  les  ramifications  des  fibres  ner- 
veuseada  la  moeUe  embr/onnuire.   AnatAnz.,  Jena (1890), Bd.  v,  pp.85.  111. 


'i(i,  S.— Ix>ngituilinal  sagittal  scutlon  of 
ilurBUl  funiculus  uf  the  spinal  curd  of  a 
>atAft«enilarsutd.  (Muthod  of  Qolgi.) 
A,  fibres  of  dorsal  funiculi ;  A,  cullatt'ral ; 
C.  gruupof  collnttrala  running  ventral- 
ward  ;  D,  end  arborization  of  Home  col- 
laterals  in  the  gra^  mattiT  of  the  donni 
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fibre,  with  a  slightly  wedge-shaped  origin  at  right  angles  or  al- 
most at  right  angles,  a  considerable  number  of  fine  collateral 
branches  {Figs.  8  and  9).  These  collateral  branches  penetrated 
deeply  into  the  gray  matter  of  the  cord  and  terminated  in  free 
end  arborizations  among  the  nerve  cells  and  their  protoplasmic 
processes.  The  fine  nerve  plexus,  described  in  the  bibliography 
as  occurring  about  the  ganglion  cells,  was  attributed  by  Ram6n 
y  Cajal  largely  to  the  interlacing  of  great  numbers  of  the  fibrils 
constituting  these  end  arborizations  of  the  collaterals.    Such 


Pto.  9. — Traiuveme  BecMon  of  thfe  Bpin&l  cord  of  a  chick  at  the  ninth  day  v(  in- 

cuhatiun.  (Mi^thnd  of  OoIkD  a,  fIbrvH  of  dorsal  roiit;  h.  (i>llBt4'iBl8  from 
the  domal  root  fibn» ;  p.  collatcralH  from  the  ventral  funk'iiU  ;  h,  collatcrak 
helping  to  form  the  ventral  coinmisHurc  ;  d.  end  arbiirixaticinii  of  collaterals ; 
c,  collat<!rala  going  to  form  the  doraal  eommlaauro.     (Afl<*r  Kam6n  y  Q«b1.) 

collateral  branches  occur  in  all  the  white  fasciculi,  and  fur- 
ther, they  show  a  toWnkbly  constant  disposition  in  all  regions 
of  the  vertebrate  spinal  cord.*     On  the  ventral  root  fibres  of 

•  As  tfl  the  nature  of  the  collaterftl^  Ranii^n  y  Cajal  says  (op.  cil^  p.  90) ; 
"  Que  t«pr^Dtent  ces  flbrilles  collateralcs  que  nous  Tenons  dc  mentionnerl 
A  not  re  avis,  il  s'agit  probsbtcment  de  fibres  de  connexinn  vellulaire  qne 
touB  lea  tubes  de  la  substance  blanche  enroient  k  la  ^(se  k  Hn  de  mettre  en 
contact  reciproqne  des  corpuscles  nerreux  plac^  relatiTement  &  de  grond«s 
distancet.  L'abaence  de  my61ine  au  nivena  des  contacts  (corps  des  cellules 
et  arborisations  des  collat^rales)  taciliterait  particuliSremeot  In  c< 
lion  do  r^brsnlemeDt  nerveui." 
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Fio.  10.— ScheronWc  representation  of 
section  of  durmi  fbnivutuB  cut  lon- 
gitudinally pBnillnl  to  entrance  of 
donul  runlH.  (Aft«r  Ram6ii  y  Oi- 
JBl.)  ^.  doraal  root ;  N.  wliit*  BUb- 
stAucr  :  O,  eray  aubetHniH' :  C.  c«ll 
of  gisy  nuitter  wndlnK  ita  aiis- 
cylindi'r  pruccaa  urw»rd  in  durHul 
faniculug;  A  Bnothercell  sending 
un  aiis  cylinder  inlu  the  wbite 
matter;  Uiis  pniri-ss  bifurcatvH, 
yielding  an  oai'ending  and  a,  de- 
scending fibre ;  E,  another  u'll 
sending  an  axis  rylinder  dnwn- 
wurd  in  the  donal  runicnlus  ;  /,  F, 
and  Q,  terminal  arburi  nations  of 
BxiB-cylind<;r  prooases;  H.tunai- 
nal  arboriaitionB  in  tlii'  gmy  mat- 
ter of  collateraU  from  the  white 
Bubatance ;  a,  collateral  from  one 
of  the  divisions  of  a  donal  mot 
flhrt';  i.  collateral  from  the  main 
trunk  of  a  dorsal  root  fibre  before 
itD  Y-sbaped  division. 


the  chick  and  the  ca)f  he  could 
find  no  collaterals,  but  concern- 
ing the  fibres  of  the  dorsal  roots 
the  most  interesting  relations 
came  to  light.  In  preparations 
of  the  cord  and  dorsal  roots  of 
chicks  from  the  seventh  to  the 
twelfth  day  of  incubation  he 
showed  that  the  fibre  represent- 
ing the  central  process  of  a  cell 
in  the  spinal  ganglion  runs 
through  the  dorsal  root  as  far 
as  the  surface  of  the  cord,  into 
the  substance  of  which  it  pene- 
trates obliquely.  Inside  the 
cord  •  the  axis  cylinder  under- 
goes a  distinct  Y-shaped  divi- 
sion into  two  strong  terminal 
branches,  one  ascending,  the 
other  descending,  both  soon  as- 
suming a  longitudinal  direction, 
evidently  constituents  of  the 
dorsal  fasciculi  of  the  cord.  Fine 
collateral  branchings  could  be 
seen  coming  oS  not  only  from 
the  main  axis  cylinder,  but  also 
from  its  two  branches  of  division 
at  different  levels  on  their  way 
up  or  down  the  cord  (Fig.  10). 
These  passed  forward  through 
or  medial  to  the  substantia  gela- 
tinosa  of  Rolando  to  end,  some 
among  the  cells  of  the  dorsal 
horns,  many  of  them  among  the 
cells  of  the  ventral  horn.  As 
to  the  ultimate  fate  of  the  as- 
cending and  descending  fibres 
resulting    from     the    Y-shaped 


•  Ramdn  y  Cajal  (Anat.  Anz.,  1890,  Bd.  t,  p.  93)  says.  "  Dans  Tepaisseur 
de  In  rfgioD  du  cordon  de  QoU."  This  shonid  probablj  read  "cordon  de 
Burdach." 
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dirision,  Ramon  y  Cajal  could  not  at  the  time  make  any  definite 
statement.* 

The  great  numbers  of  medullated  fibres  passing  more  or  less 
in  bundles  from  the  dorsal  fasciculi  into  the  gray  substance 
had  been  generally  recognized  and  could  not  indeed  have  very 
well  been  overlooked,  so  prominent  a  part  of  the  picture  do 
they  form  in  sections  of  the  medullated  spinal  cord  stained  by 
Weigert's  method  {vide  Fig.  11).  The  observers  thought  them 
to  be  (1)  medullated  axis  cylinders  passing  from  the  cells  of 


Fr».  II. — CrrHa  sertion  of  the  cervical  npiiul  cord  of  a  child  two  Tears  old.  slmwing 

niKdullHR'd  ollattrals  passing  in  from  thp  doreal  baiirull  and  running  fur- 
want  toward  the  vcnUnl  honiH.  (Afttirvon  KiiUiker.)  Z,  fiwciculiis  jTratilU 
((icilii);  if,  faxciculus  t-tinestufl  (ItunlAchi) :  L,  f^Hviculus  on.iKHaui'r. 

the  gray  matter  into  the  white  fasciculi,  and  (2)  fibres  of  the 
dorsal  roots  or  of  the  dorsal  white  fasciculi  turning  in  to  ter- 
minate in  the  gray  matter.     Ramon  y  Cajal  proved  that  the 

*  Through  a  combination  of  the  results  attained  bj  Golgi's  method,  b/ 
the  methods  of  secondary  degeneration  and  Flechsig's  embryological  method, 
«e  have  now  tolerably  accurate  ideas  as  to  the  course  and  destination  of  the 
fibres  of  the  dorsal  white  fasciculi  of  the  cord,  their  relations  to  the  gray 
matter  nf  the  medulla  spinalis  and  that  of  the  medulla  oblongata.  Von 
Ijenhussek  has  mode  an  extremely  careful  study  of  the  various  groups  of 
collaterals  pertaining  to  these  fibres,  and  has  given  us  in  a  monograph  (Der 
feinere  Ban  des  N  erven  systems  irii  Liehte  neuester  Forschungen,  zweite 
Auflage,  Berlin,  1895)  a  most  interesting  and  reliable  risumi  of  the  facts  at 
present  known  about  the  finer  anatomy  of  the  cord,  including  the  results  of 
his  own  brilliant  resesrcbes  upon  the  spinal  cord  of  human  beings.  Ram6n  y 
Cajat'a  treatise  (L'anatomie  fine  de  la  moelle  fplnifre ;  Lieferung  iv  of  Babes' 
Atlas  der  path.  Histologie  des  Nervenay stems,  Berlin,  1895)  may  also  be 
consulted  in  this  oi 
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majority  of  these  do  not  represent  main  axis  cylinders  at  all, 
but  are  collateral  branches,  a  finding  which  has  been  con- 
firmed over  and  over  again  by  subsequent  investigators  in  all 
countries.*  They  represent  structures  of  enormous  importance, 
a  large  portion  of  them  {Reflexcollateralen  of  Kolliker)  repre- 
senting the  most  direct  path  of  nerve  communication  between 
the  sensory  surfaces  of  the  body  and  the  ventral  horn  cells  gov- 
erning the  voluntary  muscles.  We  find  in  the  sensory  fibres, 
with  their  subdivisions  and  collaterals  given  off  at  different 
levels  of  the  cord  and  medulla,  f  the  anatomical  mechanism 
concerned  in  the  simple  and  more  complex  reflexes,  and  prob- 
ably in  many  of  the  instinctive  reactions,  and  we  have  further, 
as  His  says,  not  far  to  go  to  find  the  explanation  of  the  well- 
known  fact  that  the  same  sensory  impulses  which  permit 
consciousness  to  be  affected  also  account  for  the  setting  free 
of  reflexes. 

Amid  manifold  variations  in  type,  Golgi  had  been  struck 
with  the  wonderful  similarity  of  the  nerve  cells  throughout 
the  whole  of  tlie  central  nervous  system.  He  had  even,  it  will 
be  remembered,  attempted  to  reduce  all  nerve  cells  to  the  two 
types  before  mentioned,  and  from  his  studies  regarding  the 
mode  of  distribution  of  cells  of  these  t3rpes  he  had  concluded 
that  the  first  type  of  nerve  cells  belonged  to  the  motor  or 
psycho-motor,  the  second  type  to  the  sensory  or  psycho-sensory 
regions.  J     With  the  advent-  of  Forel's  critique  and  of  Bamon  y 

♦  Some  of  the  fibres  of  the  dorsal  roots  certainly  enter  the  gray  matter 
before  undergoing  the  Y-shaped  division ;  some  medullated  fibres  pass  from 
the  gray  matter  backward  (centrifugal  fibres  of  dorsal  roots  in  the  lower 
vertebrates,  and  fibres  of  dorsal  fasciculi  whose  cells  of  origin  are  situated 
within  the  gray  matter  of  the  cord). 

f  It  was  Kolliker  who  showed  that  the  sensory  cerebral  nerves  undergo 
Y-shaped  division  in  almost  exactly  the  same  manner  as  do  the  sensory 
spinal  nerves. 

X  Oolgi,  in  his  article  entitled  Anatomical  Considerations  regarding  the 
Doctrine  of  Cerebral  Localization,  in  1882  detailed  the  results  of  his  studies 
on  the  cortex,  from  which  he  concluded  that  the  cells  of  Type  I  and  Type 
II  were  not  separated  from  one  another  in  the  single  convolutions,  but  were 
always  associated  with  one  another  in  all  parts  of  the  cortex,  and  that  ac- 
cordingly there  were  not  only  evidences  against  the  strict  separation  of  the 
two  main  functions,  movement  and  sensation,  but  also  positive  grounds  for 
the  assertion  that  in  the  different  cortical  zones  there  was  no  absolute  sep- 
aration of  the  sensory  and  motor  functions,  and  that  the  anatomical  seats  of 
these  functions  must  to  a  certain  degree  be  intermingled.    It  is  surprising 
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CajaFB  demonstrations  the  distinctione  between  these  two  types 
lost,  in  the  main,  the  significance  which  had  been  attached  to 
them.  The  only  essential  difference  between  cell  Type  I  and 
cell  Type  II  was  shown  to  lie  in  the  length  and  mode  of  branch- 
ing of  the  axis  cylinder.     Whereas  that  of  the  first  type  first 


Fki.  13. — Cell  from  the  gray  matter  of  the  spinal  cord  reprrticDting  a  form  inter- 
miillatehvtwern  t1iat<>rUi>lKi'8».'l1  Type  I  anil  that  of  <}u1k<'s  wll  Type  II. 

{After  von  LcnhoBHik. )    Tlit  much-hranchtd  ax iit-cy Under  prucema  can  ho 
followed  intv  the  Dwciculus  cuneatua  of  Burdacli.  /.  c. 

showed  an  end  arborization  at  a  considerable  distance  from  the 
cell,  that  of  the  second  type  broke  up  almost  immediately  after 
leaving  its  cell  of  origin  into  its  terminal  filaments.  While  a 
cell  of  Tj'pe  I,  through  its  long  axis-cylinder  process  going 
directly  over  into  a  nerve  fibre,  is  put  into  position  to  affect 
other  cells  in  widely  distant  domains,*  the  cells  of  Type  II,  the 
axis-cylinder  processes  of  which  rarely,  if  ever,  leave  the  gray 
matter,  are  destined  to  influence  other  cells  in  the  immediate 
neighborhood.  These  latter  in  all  probability  do  not  always 
act  as  servants  of  main  conduction,  but  are  to  be  looked  upon 

how  near — eron  with  false  premises — an  approach  to  actual  relations  can  be 
uTiTed  at  1 

*  The  aiis  cylinders  of  somo  of  the  pyramidal  cells  of  the  cerebral  cortex 
attain  a  length  of  nearly  one  metre. 
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as  having  a  definite  local  function,  probably  of  no  mean  signifi- 
cance.* They  occur  in  motor  as  well  as  in  sensory  areas,  and 
there  is  no  ground  at  all  for  attributing  to  them,  as  Golgi  did, 
an  exclusively  sensory  function.  Further  evidence  has  recently 
been  forthcoming  in  that  transitional  forms  between  the  cells 
of  Type  I  and  those  of  Type  II,  the  hypothetical  existence  of 
which  von  Monakow  postulated,  have  actually  been  described. 
Von  KoUiker  and  von  Lenho8s6k,  for  example,  have  described 
cells  in  the  spinal  cord  (Fig.  12)  with  axis  cylinders  which,  in 
addition  to  manifold  branching,  give  off  one  main  stem  which 
acts  quite  like  the  axis-cylinder  process  of  a  cell  of  Type  I,  and 
recently  von  Bechterew  f  has  referred  to  similar  forms  among 
the  stellate  cells  of  the  molecular  layer  of  the  cerebellum 
(Fig.  13). 

It  has  become  obvious,  therefore,  from  the  striking  general 
morphological  agreement,  that  if  we  are  to  seek  for  data  re- 
garding the  functional  characteristics  of  nerve  cells,  we  must 
look  for  them  elsewhere  than  simply  in  the  external  form 
relations  which  they  manifest;  even  the  direction  assumed 
by  an  axis-cylinder  process  does  not  always  permit  a  decision 
as  to  the  motor  or  sensory  function  of  the  cell  to  which  it 
belongs.  While  perhaps  the  majority  of  sensory  axones  in 
the  central  nervous  system  run  upward  and  of  motor  axones 
downward,  there  are  plenty  of  exceptions  to  this,  among  them 
the  descending  limbs  of  the  bifurcated  fibres  of  the  dorsal 
roots. 

Ramdn  y  Cajal's  application  of  the  Golgi  staining,  almost  of 
the  nature  of  a  rediscovery,  attracted  the  most  widespread  at- 
tention, and  anatomists  everywhere,  casting  other  problems 
temporarily  aside,  set  to  work  with  the  silver  stain.     In  Ger- 


*  These  cells  have  been  designated  Schaltzellen  by  von  Monakow,  in- 
termediate cells  by  Schfifer,  VereinigungszeUen  by  von  Bechterew.  The 
term  association  cells  has  also  been  applied  to  them.  The  name  Dendrax- 
onen,  applied  by  von  Lenhossdk,  seems  to  me  most  suitable  as  distinguish- 
ing them  from  cells  of  Type  I  or  Inaxonen,  Schftfer's  name  projection  cell 
for  the  cell  of  Type  I  may  easily  lead  to  confusion,  and  I  think  is  better 
avoided.  Von  Monakow  (Arch.  f.  Psychiat.  u.  Nervenkr.,  Bd.  xx,  1889, 
S.  781)  seems  to  have  been  the  first  to  recognize  the  significance  of  Golgi's 
cells  of  Type  II  as  Schaltzellen, 

f  Von  Bechterew,  W.  Die  Lehre  von  den  Neuronen  und  die  Entla- 
dungstheorie.    Neurol.  Centralbl.,  Leipz.,  Bd.  xv,  1896,  S.  50;  103. 
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many,  von  KolUker,*  von  Lenhoasek,  Waldeyer,  and  Edinger ; 
in  Belgium,  van  Gehuchten ;  in  Sweden,  Retzius ;  in  England, 
'  Schafer  and  Audriezzen ;  in  America,  Berkley  and  Strong,  to 
Bay  nothing  of  a  whole  host  of  other  investigators  in  this  and 
other  countries,  went  bnaily  to  work  with  the  oBmo-bichromate 
mixture  and  silver  nitrate,  and  within  a  surprisingly  short 
period  we  have  heen  supplied  with  iniormation  regarding  the 


c:;:^ 


Fio.  IS.— A  traiiBitionftl  fonn.  a,  between  Qolgi's  cell  of  Type  I  and  cpU  of  "ftTio 
11  fnira  the  moletular  layer  of  the  cerebclliua.  (AfU-r  von  Be«ht«rew.)  The 
much-hiaiic:hLil  aiis-cylinder  pnicem  e  Rliiins  its  identity  for  a  rjinHiderahle 
distance  from  the  wll  body.  The  flbreg/, /,  are  aziB-cylindoT  pn>ces8W)  of 
ntheriipuroneit  which  are  Kiving  off  branches  in  the  neighborhood  of  the  cell 
a  and  its  protoplasniLc  procemes. 

form  and  local  reciprocal  relations  of  the  nerve  units  in  the 
most  varions  portions  of  the  eerebro-spinal  and  sympathetic 
nerrons  system.     The  views  advanced  by  Golgi  and  Ramon  y 


■  Von  KSlliker  visited  Oolgi  in  1887,  and  tailed  attentinn  in  that  year  U>  Ihe 
great  aigniRcanee  of  the  Italian'a  observations  (cf.  Die  Untersuehungen  von 
Ool^  Dber  den  feineren  Ban  des  centralen  Nervenaj.stema.  Anat.  Anz..  Jena, 
Bd.  ii  (tSST).  No.  IS,  S.  480).  From  this  time  on  he  has  busied  himself  ei- 
teiisiveljr  with  the  silver  method,  and  has  made  contributions  of  very  high 
importance  for  the  development  of  the  neurone  concept  of  the  nervous 
organs. 
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Cajal  have  been  most  thoroughly  sifted,  have  undergone  mani- 
fold confirmation  and  certain  necessary  corrections,  until  at 
present  we  are  in  a  position  to  form  a  concept  of  the  organiza- 
tion of  the  nervous  system,  clearer,  sharper,  simpler,  and  more 
pleasing  than  could  have  been  even  imagined  by  the  most 
fanciful  dreamer  of  two  decades  ago. 


/ 


CHAPTER   IV. 

THE   VITAL  STAINING    OF  THE   NERVE   ELEMENTS. 

The  method  of  vital  staining  introduced  hy  Ehrlich — The  results  afforded 

by  it. 

Satisfactory  and  convincing  as  were  these  results  with 
the  silver  method  obtained  by  all  who  tried  for  them,  the  new 
ideas  received  important  support,  indeed,  were  in  part  estab 
lished,  through  another  method  invented  by  one  who  fairly 
deserves  the  name  of  "  chemical  magician  " — Ehrlich,  of  Berlin. 
To  have  worked  out  from  a  chemical  basis  and  laboratory  ex- 
periment a  method  for  the  differential  color  analysis  of  the 
leucocytes  which  has  revolutionized  our  ideas  of  the  blood  and 
elevated  hsematology  almost  to  a  special  branch  of  medical 
science ;  to  have  inaugurated  with  experiments  with  ricin  and 
abrin  a  new  era  in  investigations  on  immunity  and  antitoxine 
therapy ;  to  have  illustrated  by  the  methods  of  staining  living 
nerve  cells  and  their  processes  with  methylene  blue  the  possi- 
bilities of  an  experimental  pharmacology  of  which  we  could 
scarcely  have  dared  hope,  would  surely  have  been  enough  in  days 
less  liberal  than  ours  to  have  convicted  their  author  of  witch- 
craft and  of  being  a  menace  to  the  common  weal.  Ehrlich 
realized  that  the  ordinary  histological  methods  of  fixing  and 
subsequent  staining,  though  yielding  important  anatomical  con- 
clusions regarding  the  structure  of  the  tissues,  fail  to  give  us 
very  exact  information  regarding  the  properties  of  the  living 
cells.  Concerning  pharmacology,  it  is  his  idea  that  a  definite 
toxic  substance  can  affect  only  those  elements  primarily  to  which 
it  actually  arrives  and  by  which  it  is  taken  up  in  a  specific  man- 
ner. If  such  be  the  case,  the  determination  of  the  laws  govern- 
ing the  distribution  of  the  substance  are  of  prime  importance, 
and  the  physiological  action  of  the  drug  should  be  brought 
into  accord  with  these.*     On  account  of  our  poverty  in  micro- 

•  Ehrlich,  P.     Ueber  die  Methylenblaureaction  der  lebenden  Nerven- 
sabstanz.    Deutsche  med.  Wchnschr.,  Berl.,  1886,  Bd.  xii,  S.  40-52. 
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chemical  reactions  it  was  impossible  for  him  at  the  time  to  ex- 
periment satisfactorily  in  this  way  with  the  alkaloids,  but  with 
certain  aniline  dyes  the  problem  could  more  easily  be  ap- 
proached. Experimenting  along  these  lines,  Ehrlich  found 
that  by  injection  intra  vitam  of  a  solution  of  methylene  blue 
dissolved  in  salt  solution  into  the  blood-vessels  of  an  animal, 
the  axis  cylinders  of  many  of  the  uerve  fibres  (Fig.  14)  as  well 


Fio.  14. — Nprvc  fibres  fVnm  a  fh)|;  injrcted  vrith  mcithylene  blii«.     (Methcxl  of 

Ehrlich.)  Thr  axiH  cylirdere  are  staini-d  dark  hluK.  In  iilaces  the  myelin 
pLh<-Hlh  in  somewhat  stainvd.  The  noden  nf  R&nvicr  and  the  divisioiui  uf  the 
Hhn-Hat  Home  nf  the  nodex  are  well  ithnwn.     (After  tud  KoUiker, ) 


as  numerous  (particularly  sensory)  nerve  endings  (Fig,  15)  were 
stained  after  a  time,  when  the  animal  was  killed  and  the  tissues 
exposed  to  the  air,  of  an  intense  blue  color,  the  other  tissue 
elements  remaining  little  or  not  at  all  affected.  The  staining 
was  of  only  short  duration,  the  color  gradually  fading,  and  with 
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or  le»s  diffuse  ataioiag  of  the  other 


the  fading,  as  a  rule, 
tissues  occurred. 


Ehrlich  made  some  interesting  comparative  tests  with  dyes 
closely  allied  to  methylene  blue  ia  order  to  obtain  if  possible  a 
cheniical  explanation  of  tbe  staining.  Thus,  he  found  that  while 
fuchsin,  methyl  violet, 
and  saffranin.  which  con- 
tain no  sulphur,  would 
not  stain  the  nerves,  thio> 
nin  and  dimethyltbionin 
as  well  as  methylene  vio- 
let yielded  a  reaction  simi- 
lar to  that  obtained  with 
methylene  blue,  so  that 
the  presence  of  one  basic 
group  (of  one  ammonium 
residue)  In  tbe  molecule 
(instead  of  two,  as  in 
methylene  blue)  appeared 
to  sutlice  for  the  reaction. 
He  further  experimented 
with  the  expensive  sul- 
phon  of  methylene  blue 
(Methylenaziir)  and  found 
that  he  could  obtain  with 
it  the  nerve  staining-,  so 
that  it  appears  to  be  a  mat- 
terof  indifFereuce  whether 
the  sulphur  in  the  mole- 
cule exists  as  a  phenylsulphide  or  as  a  phenylsulphon.  Finally,  he 
made  testa  with  Bindscheidler's  gi-een  {Dimethylphenylengriln), 
which  differs  from  methylene  blue  only  in  lacltiug  sulphur.  This 
aubstance.  which  is  distinctly  poisonous,  will  not  stain  the  nerves, 
so  that  Ebrlich  concludes  that  it  is  the  entrance  of  sulphur  into  the 
molecule  which  determines  the  nerve  coloring,  although  he  re- 
serves his  judgment  as  to  the  exact  rdle  played  by  this  element. 
The  conditions  in  the  nerve  structures  essential  to  the  methylene- 
blue  reaction  he  thought  were  (1)  oxygen -saturation ;  (2)  alkalinity. 
Whether  or  not  he  still  holds  to  these  ideas  expressed  in  1886,  I  am 
unable  to  say.  - 

It  was  soon  demonstrated  by  Amstein  that  injection  intra 
vilam  was  aoneceasary  for  the  reaction,  he  having  shown  that 
as  long  as  the  tissues  remained  alive  injection  into  the  dead 


a.  15. — HtiiBOTy  nerve  endinn  Htflined  with 
mi^thylvne  bluo  [method  of  Ehrlivh)  in  the 
exuuirdium  of  the  lenrBuriclsuf  a  Eniy  nit 
(After  Sniiniow.) 
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animal  gave  results  equally  good.  Mayer  asserts  that  even 
several  days  after  death  the  reaction  is  sometimes  obtainable, 
and  combats  the  idea  of  a  "  vital "  staining.  Certain  it  is  that 
sections  of  tissue  cut  with  a  Valentin's  knife  soon  after  removal 
from  the  body  and  laid  in  a  weak  solution  of  the  dye,  stain 
beautifully.  This  fact  I  can  assert  from  my  own  experience 
with  human  as  well  as  with  animal  tissues. 

One  serious  objection  to  the  methylene-blue  method  was  the 
transiency  of  the  staining.  Attempts  were  made  to  overcome 
this,  Pal  using  iodide  of  potassium,  Smirnow  iodine  and  iodide 
of  potassium,  Dogiel  an  aqueous  solution  of  ammonium  picrate, 
Mayer  and  Retzius  ammonium  picrate  and  glycerin  as  a  fixing 
agent,  but  no  one  of  these  methods  was  entirely  satisfactory,* 
and  the  preparation  of  thin  sections  of  the  stained  and  imper- 
fectly fixed  tissues  remained  an  impossibility.  Through  the 
fortunate  introduction  of  a  fixing  agent,  which  we  owe  to 
Be  the,  f  this  difficulty  has  been  almost  entirely  overcome,  and 

*  A  very  good  epitome  of  the  work  done  with  the  method  up  to  1891  is 
to  be  found  in  the  collective  review  by  H.  Riese  in  the  Centralbl.  f.  allg. 
Path.  u.  path.  Anat.,  Jena,  Bd.  ii  (1891),  S.  836-848. 

f  Bethe,  A.  Studien  Qber  das  Central  nervensystem  von  Carciwis  Meenaa 
nebst  Angaben  nber  ein  neues  Verfahren  der  Methylenblau fixation.  ArcL 
f.  mikr.  Anat.,  Bonn,  1894-'5,  Bd.  xUv,  S.  579-622. 

The  method  depends  upon  converting  the  soluble  methylene-blue  hydro- 
chloride used  in  staining  into  an  insoluble  molybdate  combination.  For 
vertebrate  tissues  the  following  mixture  may  be  recommended : 

Ammonium  molybdate 1  grm. ; 

Distilled  water 10  c.  c. ; 

Hydrogen  peroxide 1  c.  c. ; 

Hydrochloric  acid,  C.  P 1  gtt. 

For  invertebrate  tissues  the  following  is  employed : 

Ammonium  molybdate 1  grm. ; 

Distilled  water 10  c  c. ; 

Hydrogen  peroxide 0.5  c.  c. 

The  solutions  should  in  each  instance  be  freshly  prepared.  The  tissues 
should  be  immersed  in  the  fluid  (well  cooled)  at  the  acme  of  the  staining, 
and  kept  in  the  ice  box  for  from  two  to  five  hours.  They  are  then  left  at 
the  room  temperature  for  a  few  hours,  washed  for  half  an  hour  in  distilled 
water,  dehydrated  quickly  in  cold  alcohol,  and  imbedded  by  means  of 
repeated  xylol  clearing  (to  remove  all  alcohol)  in  balsam.  After-staining 
with  alum-cochineal  is  often  helpful  for  contrast.  In  a  more  recent  article, 
entitled  Eine  neue  Methode  der  Methylenblaufixation,  Anat.  Anz.,  Jena, 
Bd.  xii,  1896,  S.  438-446,  Bethe  has  suggested  further  modifications  of  the 
method,  useful  for  various  special  tissues. 
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,_.   __      _ __.    „ __  a  dictrtieotoT  with   the  nerves 

coDDcctvd  with  it  Been  from  tne  dorHil  surface.  Mcthylene-blue  BtaininB, 
flx&tioTi  br  Bethe's  method.  (After  (i.  Kutxiue.  1B96,  taken  fn)m  Rauber's 
A»atmie  da  JfnucAm.  S.  Aufl.,  Bd.  li.S.  866.)  p,  anteriur  group  nf  KBugliun 
cella;  f',  lateral  KTUUp  uf  KBui^lioD  cells;  g',  posterior  Rroup  of  ftauglion 
cells;  ™,  bipolar  cells  of  sensory  type,  the  peripheral  pnK  '     ■  ■  -   -- 

e  (museulJir  nerve);  k,  nerve   brani^lieB,    branching  o 


rt  in  the  skin  (<),  to  e.nil  there;  pr.  nnterior  ogKicin 
i;  an,  antenna-nerve  fibres;  n.  antenna;  n.  denuritieally  b 
nerve   fibre  (museuUr  nerve);  k,  nerve   braneh™,    branching  of  cosiwi)' 
granular  fibres ;  pn.  nerves  to  palp ;  t,  cmnmiatural  hmnches  of  neural  cord 
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it  is  now  possible  not  only  to  fix  beautifully  the  structures  at 
the  height  of  the  staining,  Fig.  16,  but  also  to  imbed  the  tis- 
sues thus  fixed  in  paraffin,  which  permits  of  the  preparation 
of  sections  of  any  desired  thinness  and  so  to  counter-staining 
by  means  of  suitable  dyes,  for  example,  alum-cochineal.* 

I  have  laid  some  stress  upon  the  introduction  of  the  methy- 
lene-blue  method,  but  not  more,  perhaps,  than  its  importance 
w^arrants.  As  von  Lenhossek  has  said,  until  the  introduction 
of  the  Golgi  stain,  no  one  probably  had  seen  a  nerve  cell  vith 
all  its  processes — a  complete  nerve  unit  in  its  totality.  But 
even  with  the  Golgi  stain  not  every  element  impregnated  can 
be  followed  throughout  its  whole  extent.  Indeed,  it  is  perhaps 
the  rule  that  where  the  medullary  sheath  begins  the  silver 
impregnation  of  the  axis-cylinder  process  ceases.  The  stain- 
ing of  nerve  endings  in  adult  structures  with  the  Golgi 
method,  even  with  double  and  triple  impregnations,  succeeds 
only  rarely.  But  just  here  lies  the  great  value  of  Ehrlich's 
method.  With  a  little  care  and  a  good  sample  of  methylene 
blue  the  nerve  endings  and  the  axis  cylinders  of  medullated 
fibres,  with  which  they  are  continuous,  can  be  stained  in  a  way 
far  surpassing  in  constancy  and  completeness  the  best  results 
of  the  uncertain  gold  chloride  procedure.  Already  most  im- 
portant cpntributions  have  been  made  with  this  method  by 
Ehrlich,  Dogiel,  Retzius,  Smimow,  Ramon  y  Cajal,  von  Len- 
hossek, Symonowicz,  Huber,  Bethe,  and  others,  and  it  may 
safely  be  predicted  that  with  the  recent  improvements  it  will 
be  much  more  widely  and  successfully  applied.  That  the 
method  is  also  applicable  to  the  study  of  pathological  tissues 
removed  by  operation  from  human  beings  has  been  shown  by 


♦  With  Lavdowsky's  modification  of  Ehrlich's  method,  together  with 
Hethc's  fixing  procedure.  I  have  been  able  to  demonstrate  nerve  endings  in 
human  and  animal  tissues  in  a  manner  entirely  superseding  any  other 
method  known  to  me.  The  comparison  of  the  gradual  appearance  of 
structure  after  structure  and  of  detail  after  detail  in  the  tissue  during 
the  staining  to  the  development  of  a  photographic  negative,  an  illustration 
employed  by  Lavdowsky,  is  very  apt.  If  the  stain  be  pushed  too  far  the 
I)icHiro  becomes  clouded,  owing  to  diffuse  staining  of  the  other  tissues  with 
the  blue — it  has  been  *' overdeveloped."  The  methods  of  vital  injection  of 
methylene  blue  used  at  Wood's  Holl.  Mass.,  have  been  descril>ed  by  Morill, 
A.  !>,,  Ainer.  Naturalist,  vol.  xxx,  1896,  pp.  857-859.  Hul)er  has  described 
the  methods  he  employs  in  the  Journal  of  Applied  Microscopy,  Rochester. 
vol.  i.  1898,  pp.  64-67. 
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the  researches  of  Young,  in  which  by  means  of  it  he  has  been 
able  to  demonstrate  the  presence  of  nerves  in  certain  tumors.* 

The  results  hitherto  attained  with  Ehriich's  methods  have 
confirmed  and  elaborated  those  of  the  Golgi  methods,  except, 
perhaps,  in  one  particular.  Some  observers,  notably  Dogiel, 
the  distinguished  Russian  histologist,  have  maintained  that  in 
the  *methylene-blue  specimens  an  anastomosis  of  the  proto- 
plasmic processes  of  one  and  of  neighboring  nerve  cells  can 
be  demonstrated.  Indeed,  if  his  illustrations  represent  the 
actual  conditions,  it  becomes  necessary  to  somewhat  modify 
the  ideas  regarding  the  relations  of  nerve  cells  founded  on 
observations  made  with  Oolgi's  method,  for  he  has  pictured 
not  only  the  anastomosis  in  the  retina  of  the  dendrites  of  the 
nerve  cells,  but  also  a  network  formed  by  the  union  of  axis- 
cylinder  processes  as  well  as  the  origin  of  nerve  fibres^  from  axis- 
cylinder  networks  and  from  networks  of  dendrites.  Masiusf 
also  maintains  that  the  dendritic  processes  anastomose  with 
one  another.  This  view,  at  first  thought  apparently  inimical 
to  the  doctrine  of  the  morphological  and  physiological  inde- 
pendence of  the  nerve  units,  has  been  stoutly  denied  by  Ramon 
y  Cajal,  von  Lenhossek,  and  others,  who  have  studied  specimens 
stained  both  with  Golgi^s  and  Ehriich's  method,  and  it  has 
been  subjected  to  an  especial  searching  criticism  recently  by 
Bouin.  He  denies  the  existence  of  anastomoses  among  the 
retinal  elements,  except  the  branchings  of  the  cells  which 
possess  no  axis-cylinder  processes.  I  have  myself,  in  a  consid- 
erable experience  with  specimens  stained  by  the  methylene- 
blue  method,  been  convinced  that  many  of  the  appearances 
which  closely  resemble  anastomosis,  especially  in  specimens 
stained  in  bulk  or  in  small  pieces  and  fixed  by  Dogiel's  method, 
are  really  optical  illusions,  since  after  long  and  tedious  search 
with  oil-immersion  lenses  in  paraffin  sections  of  methylene-blue 
preparations,  fixed  by  Bethe's  method,  I  have  seldom  been  able 
to  find  any  evidence  of  definite  anastomosis.  That  anastomo- 
ses actually  do  occasionally  occur  can  not,  however,  be  longer 

♦  Young,  H.  H.  On  the  Presence  of  Nerves  in  Tumors  and  of  other 
Structures  in  them  as  Revealed  by  a  Modification  of  Ehrlich*s  Method  of 
"Vital  Staining"  with  Methylene  Blue.  Journal  of  Experimental  Medi- 
cine, N.  Y.,  1897,  vol.  ii,  No.  1,  pp.  1-12. 

f  Masius,  Jean.  Recherches  histologiques  sur  le  systeme  nerveux  cen- 
tral.    Arch,  de  biol.,  Gand,  tome  xii,  1892,  pp.  151-167. 
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doubted;  for  not  only  have  they  been  seen  by  investigatorE 
working  with  the  methylene-blne  method,  but  Tartuferi  and 
others  have  found  them  in  tiesnes  impregnated  by  the  chrome- 
silver  procedure.  The  work  of  Bela  Haller,  Goeppert,  and 
Edinger  epeake  aleo  for  the  occurrence  now  and  then  of  anaa- 
tomoses  even  of  a  coarser  sort  between  the  processes  of  neigh- 
boring units.  The  much-used  simile,  however,  that  the  pro- 
cesses (and  their  divisions)  of  nerve  cells  maintain,  in  the  vast 
majority  of  instances,  their  identity  throughout,  interlacing 
perhaps  with  one  another  or  with  similar  processes  from  other 
nerve  cells,  just  as  the  branches  of  the  trees  in  a  dense  forest 
may  intermingle  hut  remain  independent  of  one  another,  the 
nerve  elements  being  as  separate  and  as  independent  as  the 
trees  and  their  branches  and  leaves,  has  apparently,  at  l«a$i  so 
far  an  etnbrgonir  iissNrs  are  ronrerntd,  had  its  complete  ana- 
tomical justification.  Should  occasional  anastomoses  between 
the  processes  of  nerve  cells  be  even  proved  to  occur,  or  should 
it  be  true,  as  seems  likely  from  the  work  of  Held,  Apathy,  and 
Itothe  {ride  infra),  that  in  adnlt  life  reciprocal  relations  exist 
of  a  far  more  intimate  sort  than  those  that  obtain  in  the  em- 
bryo, the  general  \-alidity  of  the  doctrine  of  the  individuality 
of  tlie  neurones  would  not  be  affected. 


CHAPTER  V. 

THE  TERM  "NEURONE"  AND  THE   NEURONE   CONCEPTION. 

Waldeyer's  review,  in  1891,  of  the  newer  investigations — The  term  neurone 
applied  to  the  whole  nerve  unit — The  neurone  conception  of  the  nerv^ 
ous  system. 

In  1891  Waldeyer  did  great  service  to  the  new  doctrine  by 
bringing  together  within  a  brief  compass  and  in  a  clear  and 
convincing  manner  the  results  up  to  that  time  attained,  com- 
paring the  experiments  of  the  different  investigators  with  one 
another  and  submitting  all  to  his  keen  and  critical  judgment. 
His  article*  perhaps  has  done  more  than  any  other  single 
publication  to  make  generally  popular  the  doctrine  of  the  in- 
dividuality of  the  nerve  elements  for  other  reasons,  but  more 
especially  from  the  fact  that — and  this  is  a  point  upon  which 
von  Lenhossek  lays  emphasis — besides  his  clear  presentation 
of  the  established  discoveries  he  introduced  a  term  for  the 
'  histological  unit  in  the  nervous  system  (including  the  whole 
element — cell  body,  protoplasmic  processes,  axis-cylinder  pro- 
cesses, end  arborization,  and  collaterals),  dubbing  it  euphoni- 
ously in  German  Neuron  (Greek,  6  vcvpwv;  English,  7ieurdne)y  a 
term  which  has  been  almost  universally  adopted  by  anatomists, 
physiologists,  pathologists,  and  clinicians  in  various  countries. 
Objections  to  the  use  of  the  word  neurone  as  a  designation  for 
the  nerve  unit  have  been  offered  by  Kolliker,  Schafer,  and 
others.  It  is,  however,  so  much  more  convenient  a  term  than 
any  other  which  has  so  far  been  suggested,  and,  moreover,  has 
already  entered  so  thoroughly  into  common  usage,  permeating 
the  bibliography  of  all  specialties,  that  I  think  it  must  be 
accepted ;  if  so,  the  use  of  the  term  "  neuron  "  as  a  name  for 
the  axis-cylinder  process,  as  advocated  by  Schafer  in  his  admi- 
rable essay  The  Nerve  Cell  Considered  as  the  Basis  of  Neu- 
rology,! is  to  be  deprecated,  and  more  particularly  because  a 

♦  Waldeyer,  W.    Op.  cit, 

t  Schafer,  E.  A.    Brain,  Lond.,  vol.  xvi,  1893,  pp.  134-169. 
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few  distinguished  teachers  have  been  induced  to  continue  the 
use  of  the  term  in  this  way,  thus  leading  at  times  to  consider- 
able confusion.  Since  the  word  "  neuron  "  has  been  employed 
by  Schafer  to  mean  the  axis  cylinder  (axone  or  neurite)  and  by 
Wilder  to  indicate  the  central  nervous  axis,  and  since  the  ori- 
gin of  the  one  term  is  the  Greek  veupov  and  the  origin  of  that 
suggested  by  Waldeyer  is  the  Greek  vcvpwv^  the  desirability  of 
spelling  the  latter  in  English  "  neurone,"  and  of  pronouncing 
it  neurone,  is  all  the  more  obvious.*  In  the  accompanying 
illustration  (Fig.  17)  a  typical  example  of  a  lower  motor  neu- 
rone is  shown  in  diagram.  The  cell  body  with  all  its  pro- 
cesses, including  that  extending  to  the  muscle  fibres,  makes  up 
the  total  mass  of  one  neurone. 

Enough  has  been  said,  I  hope,  to  make  clear  what  is  meant 
by  the  "  neurone  concept  "  of  the  nervous  system.  To  sum  it 
up  in  a  few  words :  The  nervous  system,  aside  from  its  neu- 
roglia, ependymal  cells,  blood-vessels,  and  lymphatics,  consists 
of  an  enormous  number  of  individual  elements  or  neurones. 
Each  neurone  in  its  entirety  represents  a  single  body  cell. 
These  units  are  at  first  entirely  (if  protoplasmic  bridges  be 
excepted)  and  continue  throughout  life  relatively  to  be  mor- 

•  KoUiker  (Handbuch  der  Gewebelehre  des  Menschen,  1893,  Bd.  ii,  S.  2) 
states  his  objection  as  follows:  "Das  Wort  Neuron,  Neuronen,  das  gut 
klingt,  kaDn  sprachlich  nicht  gebraucht  werden,  wie  Torgeschlagen  wurde, 
denn  es  bedeutet  einen  Sammelpankt  vieler  Neuren  oder  Nerven.  Von  den 
Worten  Neurodendren  und  Neurodendridien  ist  das  letztere,  obschon  l&nger, 
als  Uebersetzung  von  Nerven b&urachen  doeh  vielleicht  entsprechender." 
The  adoption,  however,  of  the  better  sounding  word  is  in  this  instance  easily 
intelligible,  and,  moreover,  is  not  without  many  a  precedent,  as  the  phi- 
lologist must  sorrowfully  grant.  In  the  present  case,  however,  Professor 
B.  L.  Gildersleeve,  of  the  Johns  Hopkins  University,  informs  me  that 
KOlliker's  objection  to  vcvpciy  will  not  hold,  as  it  would  apply  equally  well 
to  wape^v^y,  which  means  "the  house  of  the  virgin."  While  the  spelling 
neurone  is  not  pleasing,  for  that  matter  neither  are  the  spellings  anode 
and  cathode^  which,  after  the  analogy  of  method,  should  be  spelled  anod 
and  ecUhod,  but,  under  the  circumstances,  in  order  to  anglicize  Waldeyers 
term,  the  use  of  the  word  and  spelling  neurone  seems,  as  Professor  Gilder- 
sleeve says,  to  be  inevitable.  Cf.  Barker,  L.  F.  Concerning  Neurological 
Nomenclature.  Johns  Hopkins  Hospital  Bulletin,  Bait,  1896,  vol.  vii, 
p.  200.  Frank  Baker,  of  Washington  (New  York  Medical  Journal,  vol. 
Ixiii  (1896),  p.  373 ;  and  in  Proc.  Ass.  Am.  Anat,  1895,  Wash.,  1896,  vol. 
viii,  pp.  40-45),  has  8uggest,ed  the  term  neure,  corresponding  to  RaubeKs 
neurot  for  the  nerve  unit.,  a  nomenclature  which  has  received  the  support 
of  C.  S.  Minot. 
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Tia.  n.—^imme  of  luwi-r  niutiir  ni  iiron/  Thi  mutijr  ivll  body,  together  with 
all  iUi  proldplHHinic  pnnxreea,  itx  aiiA-CTlindir  pruc«aa.  aide  fibrils,  or  ool- 
UttpmlB,  and  end  ramifluitiuiiB,  rapreBLDI  purCit  or  a  Hiiigle  cell  or  nenroae, 
a.  \..  aiune-hillock  devoid  of  NiBhl  brntu-sf  and  BhuwlnK  fibrillation;  ai.. 
aiiB  cylinder  or  aione.  Thin  puKcaa,  nrar  ApcoII  body,  bFeomat  BUiroUDded 
by  myvlin,  m.,  and  a  cellulur  Khouth,  thi  Qeurikmma,  the  juth^r  not  bcinjj  afi 
integial  part  of  the  neurone  ;  c,  cytopliwm  Hhowinjt  Nissl  bodies  and  lighter 
Itniund  lubtitanve ;  d.,  protopbiinnie  pniceH8i4i  (dendrites)  conbiiiiInK  NUsI 
bodies;  h..  nuclena;  n'..  dugIcoIdh;  h.  R..  noile  of  Ranvior;  *.  /..  «de  fibril ; 
■.  o/  n.,  nadeus  of  neurilemma  nheBth  ;  ItL.  motor  end  plutit  or  telodeu- 
drinn;  la'.,  utripvid  tniuule  fibre;  *.  L,.  sesmentittion  of  LniitermanD. 
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phologically,  and  in  part,  at  least,  physiologically,  independent 
of  one  another. 

There  is  no  evidence  of  the  existence  of  a  diffuse  nerve  not- 
work  either  in  the  sense  in  which  von  Gerlach  or  in  that  in 
which  Golgi  used  the  term,  though  should  it  be  forthcoming, 
it  woul^  noty  and  Waldeyer  stated  this  in  his  article,  intei'f ere 
with  the  neurone  conception.  The  axis  cylinder  of  every  nerve 
fibre,  just  as  much  as  every  protoplasmic;  process,  is  an  integral 
part  of  a  neurone,  and  has  an  organic  connection  somewhere 
with  a  nerve  cell.  Nerve  conduction  paths  may,  and  probably 
usually  do,  in  higher  animals  at  least,  involve  more  than  one 
neurone,  the  neurones  being,  as  it  were,  superimposed  upon 
one  another  to  make  simple  or  more  complex  neurone  chains 
or  chains  of  neurone  groups,  one  individual  neurone  through 
its  various  processes  being  in  a  position  to  be  affected  by  and 
in  turn  to  affect  several  or  many  other  neurones.  Notwith- 
standing almost  infinite  minor  variations  in  form,  the  neurones 
in  the  most  different  parts  of  the  nervous  system  present  sur- 
prisingly similar  general  external  morphological  characteristics. 
The  nerve  life  of  the  individual,  including  all  his  reflex,  in- 
stinctive, and  volitional  activities,  is  the  sum  total  of  the  life 
of  his  milliard  of  neurones.* 


*  According  to  the  estimations  of  Meynert,  the  cortex  of  the  cerebral 
hemispheres  alone  contains  twelve  hundred  millions  of  ganglion  cells.  Don- 
aldson (The  Growth  of  the  Brain,  a  Study  of  the  Nervous  System  in  Rela< 
tion  to  Education,  12mo,  London,  1897,  p.  159)  states  that  for  the  total  num- 
ber of  nerve  cells  in  the  central  nervous  system  three  thousand  millions  is  a 
moderate  estimate. 

It  may  be  recalled  that  C.  Francke  (Die  menschliche  Zelle,  Leipz.,  1891, 
p.  27)  has  estimated  the  total  number  of  cells,  leaving  out  the  red  blood- 
corpuscles,  in  an  adult  human  body  to  be  about  four  billions  (3.996  billions). 
The  most  accurate  estimates  of  the  total  number  of  red  blood-corpuscles 
at  our  command  make  the  number  about  twenty-two  billions  and  a  half, 
making  a  total  of  twenty-six  billions  and  a  half  (26,500,000,()00,000)  of  body 
cells.  Donaldson*s  estimate  for  the  nerve  cells  would,  therefore,  make  them 
represent  one  nine-thousandth  of  the  total  number  of  cells,  exclusive  of 
the  red  blood-corpuscles,  an  estimate  which  probably  falls  below  rather  than 
above  the  truth.  All  such  calculations  are  necessarily  extremely  crude,  but 
afford  opportunity  for  interesting  study. 


CHAPTER   VI. 

THE   BEARING    OF   RESEARCHES   SINCE   1891    UPON  THE 
VALIDITY   OF  THE   NEURONE    DOCTRINE. 

The  reliability  of  the  data  upon  which  the  neurone  doctrine  was  founded — 
The  cell  doctrine — Confirmation  pf  the  work  of  His — Study  of  degen- 
erations— Researches  with  the  method  of  March i  and  with  the  method 
of  Nissl — Anastomosis  of  dendrites — Studies  of  Held  upon  concrescence 
— Contributions  of  Apathy. 

It  must  now  be  asked  (1)  In  how  far,  in  the  seven  years 
which  have  elapsed  since  the  neurone  conception  was  distinctly 
formulated,  choosing  arbitrarily  the  article  of  Waldeyer  as  th** 
date  of  this,  have  the  data  upon  which  it  was  based  been 
found  to  be  reliable?  and  (2)  Can  all  the  results  of  researches 
which  have  led  to  the  discovery  of  new  facts  since  that  time  be 
brought  into  accord  with  the  neurone  doctrine  ?  * 

It  has  been  seen  from  what  has  preceded  that  the  founda- 
tion of  the  neurone  doctrine  is  quadruple :  (1)  The  a  priori 
probability  that  the  nervous  system  agrees  with  other  parts  of 
the  body  in  being  a  cellular  system ;  (2)  the  proof  that  in  the 
embryo  the  nerve  cells  exist  as  independent  units,  many  of 
which  are  capable  of  wandering  for  considerable  distances  from 
the  site  of  their  origin;  (3)  the  fact  that  the  nutrition  of  the 
nerve  cells  is  most  easily  explicable  from  the  standpoint  of  a 
doctrine  which  looks  upon  the  nervous  system  as  made  up  of 
units,  which  are  not  only  anatomical  but  also  physiological, 
since  in  pathological  degenerative  processes  affecting  a  given 
unit  or  set  of  units,  degeneration  of  a  given  type  extends  only 

*  Cf.  Barker,  L.  P.  On  the  Validity  of  the  Neurone  Doctrine.  Amer. 
J.  Insan.,  Bait,  1898-'9,  vol.  Iv,  pp.  31-49.  Three  American  reviews  of 
the  neurone  doctrine  may  be  referred  to  by  the  reader^K)ne  by  A.  O.  J. 
Kelly,  The  Neuron.  Univ.  M.  Mag.,  Phila.,  1896-7,  vol.  ix,  pp.  276-293 ; 
the  second  by  D.  I.  Wolfstein,  The  Histological  Basis  of  the  Neurone 
Theory,  Cincin.  Lancet-Clinic,  n.  s.,  vol.  xxxix,  1897,  pp.  565-579 ;  the  third 
by  P.  A.  Pish,  The  Nerve  Cell  as  a  tJnit.  J.  Comp.  Neurol.,  Granville,  1898, 
vol.  viii,  pp.  99-112. 
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within  the  limits  of  that  unit  or  set  of  units,  any  degeneration 
of  other  units  being  of  an  entirely  different  nature,  and  when 
resembling  the  former  occurring  much  more  slowly ;  and  (4) 
the  histological  demonstration  of  the  fact  that,  for  reasons  as 
yet  too  subtle  for  analysis,  sometimes  one  unit,  sometimes  an- 
other, may  be  picked  out  by  a  particular  method  of  staining  or 
impregnation  and  brought  exquisitely  into  view,  others  near  by 
remaining  only  partially  stained  or  entirely  unaffected.  In  ad- 
dition, the  doctrine  agrees  well  with  all  the  known  facts  discov- 
ered by  Edinger,  Herrick,  and  others  in  the  field  of  compara- 
tive anatomy. 

Have  these  data  been  proved  to  be  unreliable  ?  With  regard 
to  the  cell  doctrine  it  may  be  said  to  be  now  universally  held, 
although  it  is  true  that  it  does  not  explain  all  known  facts,  and 
that  here  and  there  a  distinguished  biologist  draws  attention  to-^ 
its  "  inadequacy."  *  The  embryological  researches  of  His  con-  | 
ceming  the  neuroblasts  have  been  manifoldly  confirmed  by  his  f 
own  and  by  other  methods.  Not  until  we  come  to  the  studies  of 
degeneration  inside  the  nervous  system  do  we  find  any  appear- 
ance of  discrepancy.  The  doctrines  of  von  Gudden  and  von 
Monakow,  on  the  whole,  however,  still  hold.  Lesion  of  a  given 
set  of  neurones  causes  degeneration  of  the  typical  and  gener- 
ally recognized  sort  (that  revealed  by  Weigert's  method)  only 
within  the  domains  of  that  set.  If  large  numbers  of  neurones 
belonging  to  a  given  system  degenerate  and  are  absorbed,  there 
may  be,  it  is  true,  after  the  lapse  of  a  very  long  time,  possibly 
total  atrophy  with  absorption  in  neurones  of  another  order  (as 
probably  occurred  in  the  case  reported  by  Flechsig  and  Hoesel, 
in  which  the  corticopetal  neurones  of  the  general  sensory  path 
had  been  injured  by  a  lesion  involving  the  central  gyri,  and 
after  many  years  many  of  the  neurones,  the  axones  of  which  go 
to  make  up  ^^^^rnal  arcuate  fibres  of  the  medulla  oblon- 
gata and  thea^^^Bt  the  lemniscus  medialis,  had  entirely  disap- 
peared). Bili^^lPule,  the  tertiary  change  is  one  of  shrinking 
and  diminutioi^M  the  calibre  of  the  medullated  fibres  rather 


J 


*  Gf.  Whitman,  C.  O.  The  Inadequacy  of  the  Cell  Theory  of  Develop- 
ment. Wood's  HoU  Biological  Lectures,  1893 ;  also  in  J.  Morphol.,  Bost.. 
vol.  viii,  1893,  pp.  639-658 ;  and  Setlgwick,  A.,  On  the  Inadequacy  of  the 
Cellular  Theory  of  Development,  and  on  the  Early  Development  of  Nerves, 
particularly  of  the  Third  Nerve  and  of  the  Sympathetic  in  Elasmobranchii. 
Quart.  J.  Micr.  Sc.,  Lond.,  vol.  xxxvii,  1894-'5,  pp.  87-101. 
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than  complete  disintegration  and  absorption  (as  the  condition 
in  which  the  brachium  conjunctivum  is  ordinarily  found  after 
extensive  disease  of  one  cerebral  hemisphere  fully  illustrates). 

Since  1891  a  vast  deal  of  work  upon  degenerations  has  been 
done  with  two  methods  which  are  especially  well  adapted  for 
yielding  information,  especially  in  tissues  obtained  too  soon 
after  the  lesion  to  be  of  value  for  study  by  the  method  of  Wei- 
gert.*  The  first  of  these  methods,  that  of  Marchi,  thus  far 
speaks  strongly  in  its  results  for  the  validity  of  the  neurone 
doctrine.  There  is  no  evidence  from  its  use  that  a  degenera- 
tion following  an  injury  extends  beyond  the  limits  of  the  neu- 
rone or  neurones  which  the  lesion  involves.  On  the  contrary, 
the  method  is  mainly  of  value  since  it  permits  the  following  of 
a  set  of  diseased  fibres  to  their  termination.  By  its  aid  the  ex- 
act course  and  distribution  of  Gowers'  tract  as  far  as  its  ending 
in  the  cerebellar  worm  have  been  followed.  This  is  only  a  sin- 
gle, although  an  important,  example  of  its  efficacy. 

Investigators  who  have  employed  the  second  method,  that 
of  Xissl,  and  its  various  modifications  have  been  extraordinarily 
active.  The  procedure  is  an  extremely  delicate  one,  and 
changes  hitherto  entirely  unsuspected  have  been  detected  by  it 
in  various  pathological  conditions.  Through  it,  in  one  respect 
at  least,  the  neurone  conception  has  been  supported,  for  the 
method  has  demonstrated  that,  when  any  portion  of  an  axone 
or  its  terminal  ramifications  is  diseased,  the  whole  neurone  to 
which  that  axone  belongs  suffers,  the  changes  which  occur  in 
the  "  stainable  substance  "  or  "  tigroid  "  of  the  cell  body  and 
dendrites  of  a  neurone  after  lesion  to  its  axone  being  now  gener- 
ally recognized  and  appreciated.  As  Stirling  of  Manchesterf 
emphasizes,  the  changes  which  occur  after  amputations  also 
point  to  the  individuality  of  the  neurone  unit.  In  another  re- 
spect, however,  the  application  of  the  method  of  Nissl  has 
brought  into  view  a  phenomenon  which  at  first  glance  appears 
to  be  opposed  to  the  neurone  conception.  It  has  been  found 
by  Marinesco  (though,  curiously  enough,  he  interpreted  his 
observation  differently),  by  Warrington,!  and  by  van  Gehuch- 

*  The  method  of  Marchi  and  that  of  Nissl,  and  the  results  to  which  they 
have  led,  will  be  referred  to  in  more  detail  in.  subsequent  chapters. 

f  Personal  communication. 

X  Warrington,  W.  B.  On  the  Structural  Alterations  observed  in  Nerve 
Cells.    J.  Physiol.,  Lond.  and  Cambr.,  1898,  vol.  viii,  Nos.  1  and  2. 
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ten  that  in  certain  instances  the  catting  through  of  a  cerebral 
sensory  nerve  between  its  ganglion  and  the  central  nervous  sys- 
tem (or,  in  terms  of  the  neurone  conception,  solution  of  con- 
tinuity of  the  axones  of  sensory  neurones  of  the  first  order) 
is  followed  by  changes  in  the  nucleus  terminalis  of  the  nerve 
quite  like  those  which  occur  in  the  cells  of  the  peripheral  gan- 
glion itself  after  section  of  the  sensory  nerve  Detween  the  gan- 
glion and  the  periphery  of  the  body,  or  like  those  which  follow 
in  a  motor  nucleus  upon  section  of  the  root  fibres  issuing  from 
it.  Highly  interesting  as  the  phenomenon  is,  and  as  yet  insuffi- 
ciently explained,  it  can  hardly  be  said  to  in  any  way  invalidate 
the  neurone  conception.  The  fact  that  an  injury  to  one  indi- 
vidual in  a  society  leads  to  the  detriment  of  certain  other  indi- 
viduals with  whom  the  former  individual  was  most  intimately 
associated,  can  not  be  considered  as  disproving  the  idea  that 
the  society  is  composed  of  individuals.  And  that,  in  the  case 
of  the  neurones  under  consideration,  the  character  of  the  in- 
jury in  the  peripheral  and  in  the  central  neurone  differ  is  obvi- 
ous from  the  subsequent  history  of  the  two  neurones  in  ani- 
mals permitted  to  live  for  some  time  after  the  injury.  In  the 
one  instance  typical  Wallerian  degeneration  with  absorption 
quickly  takes  place,  in  the  other  there  is  at  most  slow  secondary 
atrophy. 

Histologically,  there  have  been  since  1891  repeated  confir- 
mations of  the  earlier  single  observations  of  coarse  anastomoses 
of  dendrites.  In  mammals  the  finding,  except  in  the  retina,  is 
rare,  though  in  lower  forms,  according  to  the  recent  observar 
tions  of  Bethe,  NussbaUm,  Schreiber,  and  Holmgren,  it  appears 
to  be  more  common.  I  have  myself  seen  it  in  the  nervous  sys- 
tem of  rabbits,  and  have  observed,  what  others  have  seen  also — 
namely,  the  partial  fusion  of  the  cell  bodies  of  two  neurones. 
But  these  unusual  conditions,  even  were  they  common,  are 
surely  of  but  little  consequence  when  brought  forward  as  argu- 
ments against  the  individuality  and  relative  independence  of 
the  nerve  units.  If  one  thinks  for  a  moment,  the  unreason- 
ableness of  the  objection  becomes  obvious,  for  who  would  con- 
sider seriously  the  argument  of  an  anthropologist  who  contended 
that  the  human  race  did  not  consist  of  separate  units  and  indi- 
viduals on  the  ground  that  cases  of  double  malformations  like 
the  Siamese  twins,  the  Janus-headed  monsters,  and  the  various 
instances  of  epignathi,  thoracopagi,  ^nd  fcetus  in  fmtu  are  known 
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to  occur  ?  Even  if  in  the  heart  of  Africa  somewhere  we  should 
come  to  find  that  there  existed  a  terrible  and  swift  race  such  as 
Plato  makes  Aristophanes  describe  in  the  Symposium,  we  doubt 
very  much  if  we  should  be  willing  to  give  up  the  general  view 
that  humanity  is  a  mass  of  multiple  units,  though  doubtless  we 
should  have  to  modify  our  conception  as  to  the  possibility  of 
variety  in  the  units,  or  admit  a  bond  of  union  between  them 
more  intimate  than  that  to  which  we  are  accustomed. 

On  the  whole,  however,  it  may  be  said  with  fairness  that  the 
control  instituted  by  hundreds  of  histologists  in  various  parts 
of  the  world  has,  practically,  in  every  instance  in  which  the 
method  of  Golgi  or  the  method  of  Ehrlich  has  been  employed, 
gone  to  confirm  the  conception  that  the  neurone  is  a  unit  in  the 
sense  of  Waldeyer. 

Passing  now  to  the  last  inquiry,  let  us  examine  the  original 
contributions  dating  since  1891,  and  see  if  in  them  we  can  find 
any  facts  which  necessarily  nullify  the  validity  of  the  neurone 
conception.  In  this  connection  only  two  researches  present 
themselves  which  are  likely  to  be  brought  forward  by  its  an- 
tagonists. One  of  these  is  the  investigation  of  Held  concerning 
the  kind  of  relation  which,  exists  between  the  terminal  branches 
of  an  axone  of  one  neurone  and  the  cell  bodies  and  dendrites 
of  other  neurones  with  which  they  are  connected ;  the  other  is 
the  much-talked-of  research  of  Ap&thy,  emanating  from  the 
Zodlogical  Station  at  Naples. 

Held's*  communication  is  one  of  very  great  importance,  rep- 
resenting, as  it  does,  the  most  careful  application  of  modern 
cytological  technique  to  the  study  of  the  nerve  cell  and  its  pro- 
cesses. His  findings  concerning  the  tigroid  and  the  ground 
substance  of  the  protoplasm,  brilliant  as  they  are,  do  not  con- 
cern us  here.  The  observations  of  Held,  however,  which  must 
here  be  taken  into  account  are  those  in  which  he  describes 
fusion  of  the  terminals  of  the  axone  (including  the  end  rami- 
fications of  the  collaterals)  of  one  neurone  with  the  protoplasm 
of  the  dendrites  and  cell  bodies  of  neurones  of  a  higher  order. 
Held  agrees  with  other  investigators  that  in  embryonic  tissues 
and  in  early  youth  the  neurones  are  entirely  independent  of 


*  Held.  H^  Beitrftge  zur  Structur  der  Nervenzellen  und  ihrer  Portsatze 
(zweite  Abbandlung)  Arch.  f.  Anat  u.  Physiol.,  Anat.  Abth.,  Leipz.,  1807, 
S.a04-29i. 
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one  another  (except  for  un  occasional  dendritic  or  other  anasto- 
mosis). In  these  stages,  which,  by  the  way,  correspoud  to  those 
ot  the  majority  of  Golgi  prep- 
arations, he  finds,  in  areas  espe- 
cially well  suited  for  the  study 
(e  g  the  nncleus  of  the  trape- 
zoid body),  that  when  the  ter- 
minal of  an  axone  comes  into 
contact  relation  with  the  cell 
body  of  another  neurone  one 
can  always  make  out  where  the 
protoplasm  of  the  one  neurone 
ends  and  where  that  of  the  sec- 
ond begins,  inasmuch  as  the 
line  of  demarcation  is  more  re- 
fiactive  than  the  adjacent  pro- 
toplasm (Fig.  18).  Held  ands, 
however,  that  this  refractive 
limiting  line  is  not  demonstra- 
ble in  the  adult,  and  comes  to  the  conclusion  that  daring  the 
process  of  growth  the  protoplasm  of  related  neurones  fases. 
Indeed,  in  some  instances  there  is  evidence  that  the  termi- 
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nala  of  one  neuroae  plunge  deep  into  the  cell  body  of  another 
neurone  and  even  come  into  close  proximity  to  the  nucleus  of 
the  latter  (Fig,  19).  He  describee  the  relation  as  one  of 
"  concrescence."  Held's  pictures  are  very  convincing,  and  one 
must  certainly  admit  that  his  vork  proves  the  existence  of 
much  more  intimate  relations  among  the  neurones  than  the 
studies  made  with  Golgi's  method  had  led  ua  to  suspect  (Fig. 
20).  And  yet,  in  following  Held's  various  artiolefl  closely,  one 
finds  that  this  histologiat,  notwithstanding  the  disappearance 
of  the  refractive  line  of  demarcation,  's  able,  even  in  adult 
stages,  to  distinguish  the  protoplasm  which  belongs  to  the  termi- 
nal axone  or  collateral  of  the  one  neurone  from  the  protoplasm 
of  the  cell  body  or  dendrite  of  the  other.     By  a  lucky  hit  Held 
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FlO.21  — Glomeruluaollactonusfriimadult  rabbit  ( After  H.  Held,  Arch.  f.  Anst. 
u.  Phyii  1  Annt  Abth  Lc  \a  1887  Tuf.  ii,  Fig,  13,)  Chmme-osmic  fiift- 
tion  and  utam  ng  bv  tltmann  <i  meth  -A  vith  acid  ^chfiin  ;  Blight  diflurentu- 
tion.  A  distinct  difference  can  he  niado  cut  between  the  numbpr  at  neuni. 
SDtnea  in  tlie  beKin>ilng"<i''the  dendrites  of  the  mitral  cells  and  the  terraiiuU 
»(  the  nervi  ulfHcturii.  The  middle  [nrt  uf  the  glomemlug  hu  nut  bum 
drawn. 

seems  to  have  discovered  a  method  of  staining  certain  minute 
particlea  (his  neurosomes)  in  the  ground  substance  of  the  pro- 
toplasm ot  the  neurones — a  method  which  stains  them  intensely 
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and  leaves  the  other  structures  but  dimly  or  not  at  all  tinged. 
It  would  seem  that,  aocording  to  his  report,  the  neuroBomes  are 
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far  more  closely  aggregated  in  the  axis  cylinder,  and  especially 
in  its  terminal  branches,  than  they  are  in  the  protoplasm  of  the 
cell  body  or  of  the  dendrites  of  a  neurone.  Thus,  in  the  olfac- 
tory glomeruli  (Fig.  21)  it  is  very  easy  to  distinguish  the  axones 
of  the  nervi  olfactorii  from  the  dendrites  of  the  mitral  cells  and 
of  the  brnsh  cells,  both  of  which,  as  is  well  known,  enter  into 
the  formation  of  these  curious  bodies.  Again,  in  the  molecular 
layer  of  the  cerebellar  cortex,  Held's  neuroaome  method  out- 
lines accurately  the  position  and  relations  of  the  terminals  of 
the  axones  which  climb  trellislike  along  the  trunks  of  the  huge 
limbs  of  the  cerebellar  forest  which  is  made  up  of  the  dendrites 
of  the  Purkinje  cells  (Fig.  22).  Held's  contributions,  there- 
fore, far  from  disproving  it,  are  confirmatory  of  the  neurone 
doctrine ;  and,  as  a  matter  of  fact,  Held  represents  one  of  the 
ablest  of  the  German  adherents  of  the  doctrine. 
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Adverting  finally  to  the  investigations  of  Apdthy,*  one  finds 
in  them  the  greatest  stumbling-block  to  those  who,  perhaps  on 
account  of  lack  of  familiarity  with  the  exact  principles  of  the 
neurone  doctrine  and  the  history  of  its  foundation,  are  inclined 
to  think  that  it  is  jeopardized.  A  skilled  technician,  well 
known  to  the  biological  world  as  the  author  of  a  treatise  on 
the  technique  of  animal  morphology,  and  generally  recognized 
as  a  most  careful  and  painstaking  worker  at  the  Naples  Marine 
Laboratory,  after  several  years  of  specially  directed  study,  dur- 
ing which  he  has  elaborated  an  entirely  new  mode  of  bringing 
certain  finer  structures  within  the  nerve  cells  into  view,  has 
finally,  in  a  long  article  of  more  than  two  hundred  pages,  pre- 
sented the  main  results  of  his  investigations  upon  the  nervous 
tissues  to  the  scientific  world.  While  Apathy  has  studied  verte- 
brate tissues  to  a  limited  extent,  the  majority  of  his  observations 
have  been  made  upon  invertebrates,  especially  upon  the  leech 
and  the  earthworm.  His  technical  methods  need  not  be  en- 
,tered  into  here.  Suffice  it  to  say  that  for  the  most  part  his 
technique  is  original  with  himself,  consisting,  in  addition  to  a 
method  of  staining  with  methylene  blue,  of  a  hsematin  method, 
and  an  especially  modified  gold-chloride  method  which  can  be 
applied  not  only  to  fresh  tissues  but  to  fixed  tissues  as  well. 
To  sum  up  his  views  in  a  nutshell,  Apathy  has  been  convinced  for 
some  twelve  years  that  the  nervous  system  is  composed  of  two 
varieties  of  cellular  elements  entirely  different  from  each  other 
— "  nerve  cells  "  and  "  ganglion  cells.*'  The  "  nerve  cells,"  the 
architecture  of  which  is  quite  in  accord  with  that  of  muscle  cells, 
give  rise,  he  thinks,  to  neuro-fibrils  (Fig.  23).  A  neuro-fibril 
in  turn  passes  out  of  a  process  of  a  "  nerve  cell "  and  then  goes 
through  a  number  of  "ganglion  cells,"  and  ultimately,  after 
leaving  the  last  "  ganglion  cell,"  with  which  it  is  connected, 
passes  more  or  less  directly  to  a  muscular  fibre  or  to  a  sen- 
sory cell.  The  neuro-fibrils  are  (as  conducting  substance)  for 
the  "  nerve  cell "  what  the  muscle  fibrillae  are  (as  contractile 
substance)  for  the  muscle  cells.  The  pathways  to  be  followed 
by  the  neuro-fibrils  are  predestined  from  the  earliest  embryonic 
stages,  for  they  correspond,  according  to  Apdthy,  to  the  inter- 
cellular protoplasmic  bridges. 

*  ApALhy,  S.  Das  leitende  EleineDt  des  Nervensystems  und  seine  topo- 
graphischen  Bcziehungen  zu  den  Zellen.  Mittheil.  aiis  der  zool.  Station  zii 
Neapel.    Bd.  xii  (1897),  H.  4,  S.  495-748. 
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early   as     1885 

fibrils.  Some  of  ' 
"  giinglion  cells  " 
into  the  sense 
(Fig.   37)   cells    or 

The 
pass,  and   which, 


Each  neurofibril  is,  ApAthy  states,  made  up  of  a  large  num- 
ber— ^near  its  origin,  at  any  rate — of  "  elementary  fibrils,"  and 
in  the  course  which  it  follows  elementary  fibrillffi  are  being 
given  off  at  short  intervals,  until  finally  the  neuro-fibril  itself 
may  be  reduced  to  a  single  elementary  fibril.  Apathy  as 
was  able  to  follow  the  paths  of  single  neuro- 
thcm  grow  toward  the  centre  into  the 
,  {Fig.  24),  others  toward  the  periphery 
cells  (Fig.  25  and  Fig.  26),  or  into  muscle 
blood  capillaries, 
cells  "  through  which  the  neuro-fibrila 
Apiithy  is  correct,  supply  the  force 
which  is  to  be  conducted  along  them, 
appear  to  be  complicated  in  structure. 
Thus  in  the  leech  the  body  of  the  cell  can  be  divided 
into  a  series  of  more  or  less  concentric  zones.  At  the 
periphery  are  t  wo  zones,  an  outer  and  an  inner,  consist- 
ing of  neuroglia,  which  are  more  or  less  separated  from  the 


Fio.  2i. — Large  pluripoliir  ganglion  evil  of  the  ventral  paramodian  field  ur  the 
abdominal  Cora  ofluinhriciiii.  {AfterS.  Apathy,  Mitth.  ausderztwl.  HI.  zu  Nea- 
pe].  Bd.  lii,  181)7,  H.  4,  Taf,  ijtiii.  tig.  7. )  A  iiriniitlve  liljril.  up/  (?),  U  seen 
on  i(«  way  to  a  ganglion  cell  beiwrning  thinner,  owing  to  (ht:  tMniHtiun  of  th« 
)ddc  flbrib.  A  ven'  complicst«l  intracellular  reticulum  of  neuro-Glirilii  is  to 
bruiadeoutintlicfiinnaUonor  which  the  primitive  fibrils  of  all  the  procea 
"  e  part,  it,  iiuelerilus;  t,  nucleun.  a  anil  $  are  pnici'snea  contoining  one 
iiitive  aiiril  in  i^cb,  which  arriving  in  the  cell  biidy  Hplit  up  iuto  wveral 
irmliiig  ueuro-fibrils.  The  primitive  fibril  in  »  can  lie  fol  lowtd  for  a  very 
lung  disCauee.  bring  thicker  at  a  distance  frum  the  cell.  The  cnarae  lougitu- 
diruil  pnicisw«  y  and  I  cunUin  a  large  number  of  primitive  flbriU  which,  ■ 
far  Of  they  can  ^w  foMowcd,  do  m  "       "    '  —    ■ 
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Aflpr 
i.  >'ig. 
.  ,  1  vilrpous  A  c(.11  nuclcUH  r  cell  body  ir  thelimitinit  linoofthedi»iw- 
u  T  of  the  vittmuH  or  the  oatirmntnuT  tine  >rth(  penphery  of  the  Homato- 
plAflm  immcdTatdy  adjacent  to  the  vitrryua  ffnv  probably  thin  glia  membnuie 
whu h  sen  nipaiiip*  the  conductltiK  primitive  flbnl  Ipf  lulnide  the  nvrifi' 
brilhir  Tnnntle  an  fiirui  th<.  cell  The  penfibnllnr  nrantle  ib  loot  at  the  cell  Hur- 
&CV  ditt  chroTonlic  niK-lcoliu  glcp  vitreoUHof  therettnal  tell  j  gio,  radinllj' 
Btnpcd  nine  nf  the  \ilrcouH  Kto  iletir  zone  of  the  vitreoUN  iltp,  iiilemalbody 
i_I«iit»karj>er)  ot  the  litteous,  kzo,  granulir  lonu  of  the  vitteuna. 
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cell  body  proper  by  the  so-called  outer  alveolar  zone.  The 
periphery  of  the  cell  proper  consists  of  an  outer  chromatic 
zone,  inside  which  is  an  "  inner  alveolar  zone."    Inside  this 
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Fio.  27. — The  distribution  of  the  neuro-fibrils  in  the  cin-uhir  muscle  fibre  of  the 
intestinal  wall  of  iMmtobilella.  (After  S.  Apathy,  Mitth.  aus  der  zool.  St.  zu 
Ncapel,  Bd.  xii,  1897,  H.  4,  Taf  xxxii,  Fig.  3. )  Only  a  relatively  short  piece  of 
thc^  long,  band-shaped  flattened-out  muscle  fibre  is  represented.  The  branch- 
ing of  the  entering  neuro-fibril  can  be  followed  through  the  whole  thickness 
of  the  fibre,  p/,  "conducting"  primitive  fibril;  m,  muscle  fibrt* ;  m,  place 
-  where  *' conducting  "  primitive  fibril  turns  and  appears  to  end. 

again  is  an  inner  chromatic  zone,  which  in  turn  is  separated 
from  the  nucleus  by  the  so-called  perinuclear  zone.  In  the 
latter  is  situated  a  small  centrosomelike  body.  Inside  the 
ganglion  cells  a  reticulum  of  fine  fibrils  derived  from  the  neuro- 
fibrils in  transit  can  be  stained  a  beautiful  deep  violet  color  by 
Apdthy's  chloride-of-gold  method. 

According  to  the  size  of  the  cells  and  to  the  arrangement 
of  the  neural  reticulum  inside.  Apathy  distinguishes  in  the 
leech  two  main  types:  (1)  the  large  ganglion  cell,  and  (2)  the 
small  ganglion  cell.  It  is  to  be  borne  in  mind  that  the  gan- 
glion cells  in  this  animal  are  unipolar,  the  so-called  "  stem  pro- 
cesses "  giving  off  near  the  cell  body  a  number  of  processes 
which  appear  to  be  comparable  to  the  dendrites  of  higher 
forms,  the  main  continuation  of  the  process  representing  prob- 
ably the  axone. 

In  the  large  type  of  ganglion  cell  (his  Type  G)  the  relations 
are  described  by  Ap&thy  somewhat  as  follows :  The  neuro- 
fibrils arriving  by  way  of  the  pyriform  process  of  the  cells  enter 
the  protoplasm,  breaking  up  into  elementary  fibrils  which 
diverge  meridionally  to  ramify  in  the  external  chromatic  zone. 
(The  cells  of  this  type  possess  no  distinct  internal  chromatic 
zone.)  Free  anastomosis  among  the  elementary  fibrils  inside 
the  ganglion  cell  appears  to  be  the  rule.    Having  arrived  at  the 
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Fio.  28. — GoIcKBal  ganglion  cell  (Type  g)  from  the  leech.  (After  S.  Apathy, 
Mitth.  aus  der  zool.  St.  zu  Ncapel,  Bd.  xii,  1897,  U.  4,  Tiaf.  xxviii,  Figs.  4,  6, 
and  6. ) 

(1)  Posterior  median  section,  hgk,  connective-tissue  nucleus;  glh,  glia 
sheath  ;  kgz^  nucleus  of  the  ganglion  cell ;  Ipf,  "conducting"  primitive  fibril. 
(2)  Chtms  section,  k,  nucleus.  (3 )  The  meridianlike  decussation  of  the  neun>- 
fibrils  at  the  pole  of  the  cell  is  illustrated. 
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side  of  the  cell  most  distant  from  the  stem  process  the  neuro- 
fibrils turn  about  and  again  plunge  through  the  cell,  converging 
to  pass  out  of  it  by  way  of  the  pyriform  process,  which  is  thus 
seen  to  carry  two  sets  of  neuro-fibrillae,  which  Apathy  believes 
serve  in  the  one  case  for  cellulipetal  and  in  the  other  for  cel- 
lulifugal  conduction  (Fig.  28). 

In  the  small  type  of  ganglion  cell  (his  Type  K)  the  rela- 
tions, it  would  appear,  are  somewhat  different.  Here  the  pyri- 
form stem  process  contains  a  single  thick  neuro-fibril  in  its  cen- 
tre, which  Apathy  assumes  to  be  cellulifugal  and  motor,  and  a 
number  of  finer  neuro-fibrils  peripherally  placed,  which  he  be- 
lieves to  be  cellulipetal  and  sensory.  He  describes  the  finer 
peripheral  neuro-fibrils  as  follows :  They  are  seen  to  enter  the 
cell  body  and,  passing  out  to  the  peripheral  part  of  its  proto- 
plasm, there  to  break  up  into  a  complicated  plexus  composed 
of  anastomosing  elementary  fibrils  in  the  outer  chromatic  zone. 
From  this  peripheral  plexus  there  pass  through  the  "inner 
alveolar  "  zone  radial  branches  to  the  internal  chromatic  zone, 
in  which  is  to  be  seen  another  fine  plexus  of  elementary  fibrils 
which,  anastomosing  and  converging,  finally  form  the  single 
strong  motor  neuro-fibril,  which  passes  out  of  the  cell  through 
the  very  centre  of  its  pyriform  process  (Fig.  29). 

In  other  animals  studied  by  Apathy  there  are  cells  with 
definite  dendrites  entirely  separate  from  the  axone  and,  in  these 
the  cellulipetal  neuro-fibrils  enter  by  way  of  the  dendrites, 
ramify  and  anastomose  freely  inside  the  cell  body,  and  then, 
reuniting,  take  their  exit  from  the  cell  by  way  of  the  axone. 
Similar  relations  exist  in  the  ganglion  cells  of  the  vertebrates 
which  he  has  studied  thus  far.  His  descriptions  of  the  neu- 
roglia and  the  relations  of  the  glia  cells  to  the  nerve  cells, 
interesting  as  they  are,  need  not  now  detain  us,  since  they 
have  but  little  bearing,  if  any,  upon  the  topic  under  discus- 
sion. 

As  to  the  relations  of  the  neuro-fibrils  to  sensory  surfaces 
on  the  one  hand  and  muscular  tissue  on  the  other.  Apathy 
makes  very  definite  statements,  especially  in  the  last  chapter  of 
his  article.  A  neuro-fibril  entering  the  cytoplasm  of  an  epithelial 
cell  of  a  sensory  surface  in  the  leech  breaks  up  (very  much 
as  in  a  ganglion  cell)  into  a  fine  reticulum  composed  of  the 
elementary  fibrils.  A  large  number  of  the  constituent  fibrils, 
however,  perhaps  the  majority,  leave  the  cell  in  order  to  take 
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part  in  the  formation  of  a  complicated  ititerepithelial  fibril 
plexus.  For  the  interesting  details  concerning  the  innervation 
of  the  superficial  epithelial  cells  and  the  subepidermal  sense 
cells  the  original  article  should  be  consulted.  In  the  muscular 
tissue,  however,  a  very  different  distribution  of  the  neuro- 
fibrils is  encountered.  A  neiiro-fibril  here  also  breaks  up  into 
elementary  fibrils  which  ramify  inside  the  muscle  cell.  But 
although  many  of  the  fibrils  emerge  from  it,  instead  of  forming 
a  complicated  reticolum  among  the  muscle  cells  they  pass  on 


la.  28.— Thiw  poar-shaped  gftiiglioti  cells  of  Typf  K.  in  longitudinal  section 
from  the  let^ti.  ( Alter  S.  Apathy,  Mitth.  aua  dr r  xwil.  St.  zu  Nrapi^l.  Bd.  xii. 
18BT,  U.  4,  Taf.  xxviii.  Fig.  7. )  Tl>e  inti^mal  or  perinuclear  pleius  of  npun>- 
flbriU  is  well  Hhuwn,  aa  are  also  the  radial  flbrtw.  The  peripheral  plexuH  in 
Itidicated,  of.  axis  fibrila  which  Apathy  takes  to  be  motor ;  ag,  cxternnl  in- 
tnKellular  plexus  of  neuro-BhriU ;  frig),  internal  perinuclear  plexus  of  ncuni- 
Hbrils;  r/p/ivllulifugBlly  "conducting"  primitive  flhril;  <pp/,cellulipctally 
"  CAnducting "  priinitive  tlhril ;  k,  nuvleiin  of  the  ganglion  cell;  rf,  nidinl 


to  enter  and  innervate  other  muscle  cells.  The  neuro-fibril  of 
a  single  axone  would,  therefore,  through  its  elementary  filirils 
innervate  perhaps  a  considerable  number  of  muscle  cells.  Une 
nerve  cell  may,  Apdthy  states,  be  put  into  continuous  relation, 
hy  means  of  one  or  more  primitive  fibrils,  with  several  ganglion 
cells,  and  one  fibril  can  be  connected  with  a  number  of  sense 
cells.     But  while  one  "  ganglion  cell "  may  be  connected  with 
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several  "  nerve  cells,"  a  given  sense  cell  is  never  connected  with 
more  than  one  nerve  cell. 

From  what  has  been  said,  and  from  a  study  of  the  accom- 
panying illustrations,  especially  of  Fig.  30,  the  main  tenets  of 
Apathy  may  be  gathered.  And  we  must  now  ask  whether, 
granting  all  his  findings,  and  even  his  theories,  to  be  in  accord 
with  the  facts,  the  neurone  doctrine  would  be  nullified  by 
them.  Although  the  opinion  has  been  expressed  that  it  would 
have  to  be  entirely  given  up,  or  very  seriously  modified,  I  must 
confess  that  such  a  view  of  the  matter  would  seem  to  be,  to 
say  the  least,  premature.  That  the  neurone  conception,  as  it 
has  been  held  by  many,  would  have  to  be  materially  altered, 
there  can  be  but  little  doubt,  but  many  views  of  the  neurone 
conception  and  what  Waldeyer  actually  defined  it  to  be  are  by 
no  means  identical.  Nor  can  it  be  admitted,  as  a  number  of 
authorities,  including  apparently  Apdthy  himself,  appear  to  as- 
sume, that  in  the  research  emanating  from  the  Naples  labora- 
tory we  have  a  confirmation  of  the  doctrines  of  Gerlach,  in- 
asmuch as  Gerlach's  diffuse  nerve  network  and  its  relation 
to  axis-cylinder  processes  and  dendrites  involved  conceptions 
somewhat  different  from  those  which  Apathy  takes  the  respon- 
sibility of  fathering.  Apdthy's  Elementargitter,  however,  stands 
very  close  to  the  conception  of  Gerlach. 

It  would  seem,  then,  that  were  Apathy's  observations  and 
theories  in  accord  with  the  facts,  the  neurone  doctrine,  as  con- 
ceived by  Waldeyer,  would  not  have  to  be  seriously  modified, 
much  less  abandoned.  Some  of  the  apparent  novelty  of  his  re- 
sults depends  upon  the  fact  that,  in  the  first  place,  he  is  dealing 
in  the  main  with  tissues  which  are  not  very  familiar  to  many 

Fio.  30. — ScheiUHtic  representation  of  the  course  and  connections  of  the  conduct' 
ing  (Kiths  in  a  transverse  section  of  the  somite  of  the  leech.  ( After  S.  Apiithy. 
Mitth.  aus  der  zool.  St.  zu  Neapel,  Bd.  xii.  H.  4, 1897,  Taf.  xxxii,  Fig.  6. )  The 
two  halves  of  the  ganglion  are  shown  with  the  motor  ganglion  cells,  mg,  and 
the  sensory  or  simple  connecting  ganglion  Ci41s,  }/«£.  Three  kinds  of  nene 
spindles  or  nerve  fibres  are  shown.  The  behavior  of  thcs^e  inside  the  centre, 
their  distribution  in  the  central  fibre  mass,  and  their  connections  with  the 
ganglicm  cells,  arc  illustrated.  Further,  the  behavior  of  these  at  tbc 
periphery  is  pictured  :  muscle  fibres  and  epidermal  and  subepidermal  .sense 
cells,  free  end  branchings  in  the  epidennis, /rf?.  At  the  point  marked  um 
scM  is  indicated  a  place  where  a  senswry  tube  bends  around  in  a  longi- 
tudinal direction  into  the  central  fibre  mass.  The  place  sbq  indicat<^  where 
a  sensory  bundle  turns  in  a  hmgitudinal  direction  in  the  central  fibre  mass. 
"Conducting"  bridges  between  the  muscle  fibres  are  shown  at  nbr.  an, 
"conducting'*  anastomoses  ;  cu,  cuticula;  ep,  epithelium  ;  gz,  ganglion  cell ; 
m/,  muscle  fibrils;  miw,  motor-nerve  spindle;  mpf,  motor  primitive  fibrils: 
m,  epithelial  sense  cell ;  «c,  subcuticuUr  layer  of  epidermis  ;  »6,  sensoiT 
bundle  (one  kind  of  sensory-nerve  fibre) ;  ss  schl,  sensory  tube  (the  other  sort 
of  nerve  fibre) ;  zkn,  nucleus  of  a  "  nerve  cell "  (not  of  a  "ganglion  cell  '* ). 
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neurologists,  namely,  the  nerve  cells  and  fibres  of  invertebrate 
animals,  and  in  the  second  place  his  publications  thus  far  con- 
sist principally  of  an  objective  description  of  his  own  findings 
with  particular  methods  devised  by  himself ,  and  pay  but  little 
attention  to  the  work  of  other  investigators,  so  that  the  casual 
reader  may,  from  lack  of  adequate  comparative  data,  fail  to 
distinguish  between  actually  new  discoveries  and  descriptions 
which  may  without  unfairness  be  found  to  coincide  in  many 
respects  with  those  of  other  students  working  with  different 
methods.  I  feel  convinced  that  when  Apathy  fulfills  his 
promise  of  supplying  us  with  a  still  more  lengthy  comma- 
nication  in  which  the  results  of  other  investigators  are  to  be 
compared  with  his  own  and  properly  valued,  those  who  have 
been  inclined  to  look  upon  all  his  observations  as  entirely 
unique  will  be  disabused  of  their  error.  That  many  of  his 
observations  are  entirely  new  must  be  frankly  and  thankfully 
admitted ;  that  the  technique  he  has  introduced  is  altogether 
original,  and  evidently  highly  valuable  and  well  worthy  of  ex- 
tensive application  and  widespread  control,  must,  be  freely 
granted.*  All  that  I  wish  to  say,  and  that  without  any  desire 
to  detract  from  the  merit  of  his  laborious  researches,  is  that  an 
attentive  analysis  of  the  actual  findings  of  Apathy  shows  that 
there  is  far  less  absolutely  novel  and  revolutionary  in  them  than 
many  seem  to  imagine.  For,  when  one  thinks  of  it,  the  form  of 
the  cells  in  invertebrates  has  long  been  known,  the  unipolarity  of 
the  elements  has  been  generally  figured  and  described,  the  fact 
that  the  pyriform  process  corresponds  to  both  axis-cylinder 
process  and  dendrites  is  stated  in  the-  text-books,  the  irregu- 
larity in  the  distribution  of  the  "  chromatic  substance  "  in  the 
cells  is  easy  to  make  out  in  Nissl  preparations ;  the'  existence  of 
the  so-called  intercellular  bridges,  if  not  for  the  cells  in  the 


♦  The  remarks  here  made  are  not  intended  to  be  a  criticism  of  the  very 
important  contribution  of  Apathy,  but  rather  to  counteract  an  impression 
which  seems  to  be  gaining  ground  that  the  whole  or  at  least  a  large  part  of 
our  previous  ideas  concerning  the  architecture  of  the  nervous  system  have 
been  subverted  by  the  results  of  his  studies.  Are  we  not  more  just  and  at 
the  same  time  kinder  to  Ap4thy  if  we  simply  accept  gratefully  and  for  what 
they  are  worth  the  wealth  of  new  facts  with  which  he  has  provided  us,  than 
we  should  be  were  we  to  give  currency  to  the  impression  that  they  are  en- 
tirely revolutionary  and  out  of  accord  with  the  great  principles  which  com- 
petent neurologists  believe  to  be  incontrovertibly  established  t 
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nervous  system,  at  least  for  many  of  the  cells  of  the  body,  is 
taught  and  demonstrated  in  every  histological  laboratory,  and 
the  fibrils  in  the  processes  and  the  reticula  in  the  cell  body 
have  been  the  object  of  study  and  the  topic  of  discussion,  too 
often  of  bitter  polemic,  for  at  least  two  generations.  The  very 
neuro-fibrils  upon  which  Apathy  bases  his  doctrine  were  first 
well  seen,  as  the  author  himself  states,  by  Kupf^er  in  the 
tissues  of  vertebrates. 

The  essential  novelties  in  Apathy's  contributions,  in  addi- 
tion to  his  modifications  of  technique  and  his  wonderful  de- 
scriptions of  the  details  of  the  fibrillary  appearances  inside  the 
protoplasm  of  cells  stained  by  his  methods,  which  are  undoubt- 
edly of  great  value,  are  his  deductions  and  hypotheses,  of  which 
all,  in  my  opinion,  maybe  permitted,  at  least  for  the  present, to 
be  judiciously  skeptical.  How  does  he  know,  for  example,  that 
the  structures  which  stain  violet  by  his  gold  method  actually 
represent  the  conducting  element  in  the  nervous  system  ?  It 
may  be  true,  but  the  Scotch  verdict  "  Not  proven  "  is  here 
most  applicable.  Again,  on  what  grounds  does  he  separate  the 
**  nerve  cell  "  so  sharply  as  a  different  entity  from  the  "  gan- 
glion cell "  and  how  does  he  know  that  the  "  nerve  cells  "  build 
the  conducting  element,  and  that  the  "  ganglion  cells  "  supply 
the  force  to  be  conducted?  These  may  be  the  functions  of 
these  two  sets  of  elements,  but  we  must  not  neglect  to  point 
out  that  the  evidence  is  not  yet  convincing. 

As  yet  it  is  altogether  too  early  to  pass  judgment  upon 
Apathy's  views ;  much  work  must  be  done  by  his  methods  by 
other  observers  before  the  exact  value  of  his  findings  can  be 
properly  estimated ;  but  were  all  his  statements  true,  is  there 
any  reason  to  doubt  that  neurones  will  continue  to  degenerate 
as  units,  as  heretofore ;  that  the  nervous  systems  of  our  children 
will  continue  to  be  built  up  during  development  of  repeatedly 
dividing  neuroblasts  in  the  way  with  which  we  are  familiar,  or 
that  Golgi's  method  in  the  thirtieth  century  will  have  lost  its 
power  of  demonstrating  here  and  there  a  particular  nerve  unit 
or  neurone  in  its  entirety  ?  Again,  would  the  confirmation  of 
the  existence  of  continuous  fibrils  or  fibril  systems  passing 
through  a  whole  series  of  nerve  elements  necessarily  militate 
against  a  unitary  conception  ?  I  must  say  that  I  can  see  no  rea- 
son why  it  should.  Waldeyer,  in  his  article  in  1891,  after  dis- 
cussing the  probable  modes  of  conduction  by  means  of  the  neu- 
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rones,  added,  it  would  seem  almost  with  prophetic  insight,  the 
following  statement :  "  If  we  assume  with  Golgi  and  B.  Haller 
the  existence  of  nerve  networks,  the  conception  is  somewhat 
modified,  but  we  can  still  retain  the  nerve  units.    The  limits  be- 
tween two  nerve  units  would  then  always  lie  in  a  nerve  network 
and  not,  anatomically  at  least,  be  exactly  definable  with  our  pres- 
ent methods."    We  do  not  regard  the  connective  tissues  as  any 
the  less  cellular  because  they  build  white  fibres,  yellow  elastic 
fibres  and  membranes,  and  reticulum ;  we  do  not  look  upon  the 
studies  of  Weigert  and  Mallory,  which   deal  with   neuroglia 
fibrils  and  their  relation  to  the  neuroglia  cells,  as  subversive  of 
the  doctrine  that  neuroglia  cells  exist;  nor  do  we,  because 
Kromayer  and  others  have  demonstrated,  by  particular  methods, 
fibres  running  through  the  bodies  of  a  number  of  epithelial 
cells,  cry  out  that  the  cell  doctrine  must  ^e  given  up.     One 
might  just  as  well  assert  that  there  are  no  organs  in  the  body 
because  there  is  a  general  vascular  system.    There  may  be  units 
smaller  than  cells,  and  in  all  probability  there  are ;  there  may 
be,  and  probably  are,  in  the  nervous  system  units  other  than 
those  generally  described,  and  it  is  important  that  we  should 
find  out  all  that  there  is  to  learn  about  them ;  but  that  the 
human  body  is  made  up  largely  of  a  mass  of  cells,  and  that  the 
human  nervous  system  is  made  up  largely  of  great  numbers  of 
cell  units,  the  so-called  neurones,  would  seem  to  be  facts  too 
firmly  established  ever  to  be  utterly  overthrown. 

Note. — In  speaking  of  the  nerve  cells  (or  neurones)  as  individuals,  it  is 
not  to  be  forgotten  that  in  the  animal  and  vegetable  kingdoms  we  have  to 
deal  with  individuals  of  different  orders.  Whereas  some  individuals  con- 
sist of  single  cells  and  live  as  independent  organisms,  other  individuals  are 
united  with  one  another  to  form  a  more  complex  creature,  an  individual  of  a 
higher  order,  as,  for  example,  a  multicellular  animal  or  plant.  Every  indi- 
vidual possesses  certain  morphological  and  physiological  characteristics  and 
forms  an  elementary  unit  endowed  with  fundamental  properties  of  life,  pos- 
sessing the  power  of  assimilating  food,  of  excreting  waste  substances,  of 
increasing  in  size,  of  reproducing  its  kind,  and  of  reacting  in  some  way  or 
another  to  stimuli  which  affect  it  from  without. 

An  amoeba,  on  the  one  hand,  represents  a  unicellular  organism,  an  inde- 
pendent vital  unit,  but  an  individuality  of  a  very  low  grade.  A  multicello- 
lar  animal  is,  on  the  other  hand,  a  unit  of  a  much  higher  grade,  consisting 
as  it  does  of  a  mass  of  amoebalike  units,  each  of  the  latter  possessing  the 
fundamental  properties  of  life,  but  each  being  somewhat  less  independent 
than  a  unicellular  organism.  The  cells  in  such  a  complex  cell  state  are 
none  the  less  units  because  they  are  to  a  degree  subordinated.    Such  units 
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msLjy  however,  become  incapable  of  existence  independent  of  their  fellows. 
A  multicellular  individual  (person)  like  a  human  being  consists  of  an  ag- 
gregate of  billions  of  cells  so  intimately  connected  with  and  related  to  one 
another  that  the  combined  activities  of  the  individual  cells  give  the  idea  of 
unity,  but  each  cell  nevertheless  continues  to  have  a  life  history  of  its  own. 
In  such  a  democracy,  as  it  were,  it  is  not  surprising  that  there  should  be 
morphological  differentiation  corresponding  to  the  physiological  division  of 
labor  necessary  for  the  welfare  of  the  whole.  The  specialization  of  activi- 
ties renders  each  cell  less  independent  than  a  cell  of  a  single  organism,  but 
does  not  rob  it  entirely  of  its  character  as  an  individual.  For  a  discussion 
of  the  question  of  "  individualitio^^"  in  Nature  the  reader  is  referred  to  the 
writings  of  Huxley,  NSgeli,  Haeckel,  Sj)encer,  and  especially  to  O.  Ilertwig's 
Allgemeine  Anatomie  und  Physiologic  der  Gewebe,  Jena,  1898. 


SECTION  IT. 

THE  EXTERNAL  MORPHOLOGY  OF  NEURONES. 


CHAPTER  VII. 

THE   EXTERNAL  FORM   OF  THE   CELL  BODY   AND  OF  THE 

DENDRITES. 

Neurones  as  cells — External  morphology  of  neurones — The  shape  and  size 
of  the  cell  bodies — The  protoplasmic  processes  or  dendrites — Varicosities 
of  the  dendrites — The  relation  of  the  dendrites  to  the  cell  body — Aden- 
dritic  neurones — Lateral  buds  or  gemmules. 

It  is  necessary  to  examine  a  little  more  closely  into  the  mor- 
phological characteristics  of  the  individual  neurones.  Xen- 
rones  are  in  reality  nothing  more  nor  less  than  cells.  They  are 
curiously  modified  in  structure  and  elaborately  differentiated 
in  function,  hut  are  none  the  less  genuine  cells  of  the  animal 
body.  It  must  be  distinctly  understood,  however,  that  the 
nerve  cell  includes  not  only  the  cell  body  (perikaryon  of  Foster 
and  Sherrington)  *  and  its  protoplasmic  processes,  although 
these  together  make  up  the  nerve  cell  of  many  of  the  texir 
books,  but  also  the  axis-cylinder  process  with  all  its  subdivisions, 
collaterals,  and  terminal  ramifications.  According  to  our  mod- 
ern definition,  each  and  every  portion  of  a  neurone  represents 
an  integral  part  of  a  single  body  celLf .  As  will  be  emphasized 
later,  this  view  becomes  of  especial  significance  in  the  considera- 
tion of  neurones  in  their  physiological  and  pathological  re- 
lations. 

Neurones  being  cells  of  the  body  just  as  are  liver  cells  or 
muscle    cells,  we  should,  notwithstanding    their    remarkable 

♦  A  Text- Book  of  Physiology,  by  M.  Foster,  assisted  by  C.  S.  Sherring- 
ton, 7th  ed..  Part  III.  The  Central  Nervous  System,  Lond.,  1897,  pp.  915- 
1252,  8to. 

t  The  view  expressed  here  seems  to  me  to  be  logical.    Some  writers,  1 
think,  rather  too  sharply  separate  the  axis-cylinder  process  as  an  entity 
apart  from  the  rest  of  the  nenre  cell. 
66 
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morphological  differentiation  corresponding  to  the  high  physio- 
logical functions  for  which  they  are  destined,  expect  them  to 
possess  certain  general  characteristics  common  to  all  living 
cells.  And  in  this  expectation  we  are  not  disappointed.  A 
nerve  cell,  like  all  others,  possesses  protoplasm  and  nucleus,  the 
morphological  charad^teristics  of  which,  so  far  as  they  can  at 
present  be  unraveled  with  the  highest  powers  of  the  microscope, 
would  scarcely  seem  to  differ  sufficiently  from  those  of  the  ele- 
ments of  less  noble  tissues  to  account  for  their  greater  dignity 
of  function.*  It  may  be  that,  although  the  microscope  or  the 
human  eye  will  never  be  able  to  distinguish  such  morphological 
differences,  chemical  methods  may  enable  us  to  arrive  at  much 
more  satisfactory  results.  Despite  this  fact,  however,  thanks 
to  some  recent  delicate  histological  methods,  we  are  now  in  a 
position  to  make  certain  definite  statements  concerning  the  ex- 
ternal and  internal  structure  of  different  kinds  of  nerve  cells. 

In  discussing  the  structure  of  the  neurones,  it  will  be  con- 
venient to  speak  first  of  the  external  morphological  relations, 
best  revealed  by  the  methods  of  Golgi  and  Ehrlich,  and  second- 
ly of  the  internal  architecture  of  the  neurone,  our  knowledge 
of  which  has  been  much  increased  since  the  introduction  of  the 
newer  cytological  technique,  and  especially  from  the  application 
of  the  methods  of  Nissl,  Held,  and  Ap&thy.  I  have  already 
spoken  of  the  remarkable  uniformity  in  tjrpe  of  the  nerve  cells 
in  the  most  diverse  parts  of  the  central  nervous  system,  and  by 
my  endeavors  to  emphasize  this  uniformity  for  the  purpose  at 
that  moment  in  view  some  perhaps  have  been  led  to  infer  that 
the  neurones  are  everywhere  so  similar  as  to  be  practically  indis- 
tinguishable from  one  another.  This  is  by  no  means  the  case  ; 
indeed,  the  method  of  Golgi  has  revealed  a  wealth  of  morpho- 
logical peculiarities  of  which  we  were  formerly  able  to  obtain 

♦  It  may  be  that  with  a  wider  view  the  differences  in  "  dignity  "  of  the 
different  cells  of  the  body  would  become  minimal ;  but  it  is  hard  for  human 
beings,  so  near  their  own  cells,  to  conceive  of  the  superficial  epithelial  cells 
of  the  skin  shed  in  large  numbers  daily  in  the  wear  and  tear  of  life  as  being 
of  as  high  a  grade  as  the  cells  which  construct  a  poem,  or  the  germ  cells, 
notwithstanding  the  fact  that  embryology  teaches  (1)  that  the  nerve  cells 
are  derived  from  the  same  germ  layer  that  gives  rise  to  the  epidermis,  and 
(2)  that  in  all  probability  every  cell  of  the  body  has  within  it,  though  latent, 
substances  endowed  with  the  properties  and  potential  energy  which  under 
suitable  conditions  would  make  it  capable  of  developing  into  a  complete 
human  being. 
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»o  adequate  conception.  The  method  of  NibbI  too  has  revealetl 
ditferencea  of  internal  Btructure  of  different  cell  groupB  which 
are  equal  in  importance  for  piirpoaeB  of  claasification  to  the  ex- 
ternal form  relations  discovered  with  (iolgi'a  Btain.  Of  these  a 
description  is  given  further  on. 

There  are  many  neurones  which,  from  the  appearance  of  a 
single  example  stained  black  with  silver,  permit  an  absolnte  de- 
cision as  to  their  source.  Thus  we  are  able  at  once  to  recog- 
nize the  cells  of  the  sensory  ganglia  (Fig.  31),  the  cells  of  Pur- 
kinje  in  the  cerebellum  (Fig.  38),  the  pyramidal  cells  of  the 
cerebral  cortex  (Fig.  37),  and  certain  of  the  cells  of  the  hippo- 
cnnipus.  The  shape  and  size  of  the  cell  body,  the  number,  sije, 
and  mode  of  branching  of  the  protoplasmic  and  axis-cylinder 
processes,  the  relations  of  these  to  the  cell  body  and  to  one 
another  are  some  of  the  criteria  which  serve  to  gntde  one  in 
making  a  distinction.  A  laudable  beginning  has  been  made  to 
determine  by  the  exact  methods  of  reconstruction  froni  aerial 


sections  the  precise  external  morphology  of  the  nerve  celU. 
We  refer  to  the  beautiful  models  of  the  reconstructed  nerve 
cell  exhibited  by  0.  Mann  at  the  sixty-sixth  meeting  of  the 
British  Association  for  the  Advancement  of  Science  at  Liver- 
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pool  ill  189C,  aud  at  the  meeting  of  the  AimtomiBche  Geeell- 
M'hait,  in  Kiel  in  1898. 

The  bodies  of  the  nerve  eelU  vary  nintrh  in  size,  measuring 
from  four  to  a  hundred  and  thirty-five  microiiH  Hnd  more  in 


diameter.  Among  the  very  small  ones  are  the  granules  of  the 
olfactory  bulb  and  the  small  cells  of  the  cerebellum,  whereas 
the  relatively  huge  protoplasmic  maeBes,  such  as  the  larger  cells 
(if  the  ventral  horns  of  the  gray  matter  of  the  spinal  cord  and 
the  spinal  ganglia,  or  the  cells  of  Purkinje  in  the  cerebellum, 
are  visible  even  to  the  naked  eye.  Starting  originally  as  spheri- 
cal germinal  cells,  the  cell  bodies,  partly  owing  to  the  mode  of 
origin  of  their  processes,  partly  for  reasons  at  present  not  clear, 
later  assume,  in  different  regions,  very  different  shapes.  The 
spherical  spinal  ganglion  coll,  the  flask-ahaped  Purkinje  cell, 
the  multipolar  ganglion  cell  of  the  ventral  horns  of  the  spinal 
cord  (Fig.  32),  the  pyramidal  cell  in  the  cerebral  cortex  (Fig. 
33),  the  spindle-shaped  cell  of  certain  regions  are  well-known 
and  characteristic  types. 
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Of  the  two  main  varieties  of  processes  which  come  off  from 
the  cell  hody,  the  protoplasmic  and  the  axis-cylinder  processes, 

the  former,  as  might  be  inferred 
from  their  name,  resemble  more 
closely  in  appearance  the  cell 
body  itself.  These  protoplasmic 
processes  or,  as  they  hare  been 
better  named  by  His,  dendrites 
(Dendriten)j  after  their  manner 
of  branching,  represent,  as  a  mle, 
rather  coarse  projections  of  the 
protoplasm,  which  ran  out  often 
in  several  directions  from  the 
general  mass  of  protoplasm  of 
the  cell  body. 

Broad  and  thick,  usnally,  at 
their  origin,  they  grow  gradnaDy 
more  narrow  as  they  divide  in  a 
dendritic  or  antlerlike  fashion, 
until  the  final  subdivisions  of  a 
single  dendrite  may  be  distrib- 
uted at  a  distance  from  the  cell 
over  a  territory  of  no  inconsider- 
able extent.  All  the  subdivisions 
of  a  single  dendrite  finally  ran 
out  to  end  free,  never,  so  far  as 
our  present  knowledge  goes  (with 
the  exception  of  a  few  rare  in- 
stances), anastomosing  with  one 
another,  nor  becoming  united  in 
any  way  other  than  by  simple 
contact  (Ramon  y  Cajal),  by 
concrescence  (Held),  or  by  cell 
bridges  and  minute  fibrillae  ( Apa- 
thy), with  the  processes  of  other 
neurones.*  The  individual  den- 
drites, not  only  of  different  cell«, 
Fio.  33.— iYnuni^»i  wU  of  cerebral    but  also  of  the  same  cell,  may 

corU'X  ut  moiuje.    ( After  fiiuuoii  y  •  i        i^  t         •  »       ^i 

Vhjh}.)  vary     considerably    in     length. 

*  As  van  Gehuchten  forcibly  puts  it.  ^  Notez  bien  que  je  dis  :  dan^  Tetst 
actuel  de  nos  counaissaDces*  Im^  oeuroues  sont  des  elements  independants : 
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While  in  some  types  of  cells  ail  tiie  protoplaemic  processes  are 
approximately  equally  developed,  in  other  types — for  example, 
in  the  pyramidal  cell  of  the  cerebral  cortex — one  dendrite  may 
be  enormously  developed,  being  thick  at  its  origin  and  extend- 
ing for  a  long  distance  from  the  cell  body,  while  the  others  are 
diminutive  and  comparatively  insignificant  in  size  and  extent. 
The  contour  of  a  dendrite  is  often  irregular  rather  than  smooth 
and  sharply  defined.  There  may  be  nodular  swellings  (Fig.  34) 
at  various  points,  though  whether  these  are  to  be  considered  as 
normal  appearances,  as  artefacts,  or  as  pathological  phenomena, 
does  not  yet  seem  entirely  clear.     There  is,  as  a  rule,  no  marked 


nodulation  in  normal  specimens.  Berkley,  Monti,  and  others 
have  observed  marked  distortions  of  the  dendrites  in  certain 
pathological  conditions.  These  will  be  referred  to  again  in 
Section  V, 

The  course  of  the  dendrites,  though  sometimes  tolerably 
straight,  is  usually  devions ;  in  fact,  the  irregularities  in  con- 
tour and  direction  are  important  distinguishing  characteristics 
of  this  type  of  process.  The  character  of  the  dendritic  branch- 
ing of  the  protoplasmic  process  varies  much  in  cells  of  different 
parts  of  the  central  nervous  system ;  whereas  in  some  dendrites 

ceU  vent  dire  qu'avec  les  inelhodes  d 'investigation  dont  dous  disposons 
act  ue  lie  me  at,  on  ne  voit  paa  de  continuite,  on  ne  voit  pas  d'anaslomfniPB 
eDtre  lea  ^l^ments  nerveux,  et  par  cons^qaent  od  ne  doit  pas  tea  adinettre." 
Biit  this  rule,  as  we  have  seen,  is  relative,  not  absolute. 
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the  branching  commences  at  a  short  distance  from  their  origin 
at  the  nerve  cell  and  continues  more  or  less  regularly  until  the 
final  divisions  occur,  in  the  dendrites  of  other  cells  a  main 
trunk  may  extend  for  a  considerable  distance  from  the  cell  and 
then  suddenly  break  up  into  a  large  number  of  terminal  den- 
dritically  branching  processes.  The  latter  behavior  is  char- 
ac*teristic^  for  example,  of  the  apical  dendrites  of  the  pyramidal 
cells  of  the  cerebral  cortex.  The  degree  of  complexity  of  the 
branching  varies  enormously ;  in  some  cells  the  dendrites  are 
tolerably  simple  and  but  little  branched  ;  in  others,  the  branch- 
ing is  most  complex. 

The  territory  occupied  by  these  antlerlike  divisions  of  the 
nerve  cell  may^  as  has  been  said,  be  very  considerable.  There 
are  few  greater  surprises  for  the  student  in  histology  than  his 
first  view  of  a  successful  impregnation  with  the  silver  method 
of  the  dendrites  of  the  Purkinje  cells  crowding  with  their  dense 
feltwork  the  outer  layer  of  the  cerebellar  cortex.  The  huge 
protoplasmic  trunks  coming  off  from  the  fiask-shaped  cell  divide 
and  subdivide  with  tropical  luxuriance  into  widespread  bushlike 
maisses^  occupying  a  wide  territory  and  increasing  the  surface 
of  the  cell  body,  perhaps  a  hundred  times  or  more.  The  sig- 
nificance of  this  cerebellar  forest,  as  it  has  been  called,  of  den- 
drites must  be  very  great,  but  it  has  never  as  yet  been  satis- 
factorily explained ;  at  present,  we  can  form  only  hypotheses, 
at  best  verv  uusatisfactorv,  as  to  its  meaning. 

Very  characteristic,  too,  for  the  different  varieties  of  neu- 
rones is  the  relation  of  the  dendrites  to  the  surface  of  the  cell 
body,  lu  some  instances^  as  in  the  motor  cells  of  the  ventral 
horus,  they  radiate  out  in  all  directions  fn)m  nearly  every  re- 
gion of  the  cell  surface.  lu  the  cells  of  the  hippooampos,  or 
horn  of  Ammou,  one  or  two  dendrites  proceed  from  one  end  of 
the  more  or  less  oblong  or  fusiform  cell  body,  and  a  whole  group 
of  them  are  given  off  from  the  other  end,  while  the  sides  of  the 
cell  body  are  smooth  and  sometimes  give  off  no  demlrites  at  all 
(Fig.  '15).  CHher  cell  bodies,  as  is  the  ease  with  some  belonging 
to  the  nucleus  dentatus  eerebelli,  yield  dendrites  from  only  one 
side.  In  the  pyramidal  cell  of  the  cerebral  cortex  the  "main 
dendrite  is  given  off  from  the  apex  of  the  pvramid,  while  the 
smaller  lateral  dendrites  are  \ielded  mainly  by  the  angles  at  the 
base,  the  lateral  surfaces  and  the  basal  surface  itself  jrivin:!  off, 
as  a  rule,  very  few  or  uo  dendritic  projectians  at  alL     Mant 


THE  EXTERNAL  MOEPHOLOGY  OP  NEITRONES. 


73 


other  examples  might  be  given,  but  those  mentioned  will  suffice 
to  illustrate  the  importance  of  the  origin,  number,  and  diatribu- 
tiou  of  the  dendrites  as  factors  in  determining  the  morpho- 
logical characteristics  of  a  given  neurone. 

The  occurrence  of  cell  bodies  entirely  devoid  of  dendrites, 
the  ao-called  adendritic  neurones,  has  to  be  recognized.     Indeed, 


11  (UolKi'x  «'ll  ofTyiH'  II)  HI 


in  inveri«brateB,  as  von  Lenhossek,  Retzius,  and  Apathy  have 
shown,  they  are  very  numerous  and  form  in  these  animals  no 
small  proportion  of  the  constituents  of  the  nervous  system.  In 
such  ueurones,  however,  the  pyriform  stem  process  shows  near 
the  cell  many  accessory  branchings  (Fig.  36),  which  some  be- 
lieve to  be  of  the  nature  of  dendrites,  though  others  look  upon 
them  as  collaterals.  The  ultimate  continuation  of  the  muin 
process  is  regarded  by  all  as  the  axis-cylinder  process  of  the  cell. 


THE  NBBVOrS  SYSTEM. 


The  qaestioa  has  been  fnlly  discussed  by  tod  Lenhoesek  (op^ 
cil.,  S.  84  3.).    In  the  adalt  haman  oerroos  system  the  ms- 


aipolar  c«ll  frmi]  a  gaDgtiiin  <>f  Liunbriu 
I  budy  is  di^xiid  «f  dcDiiritvs :  Chi-  lu-n 
»  an:  liiuked  upun  bj  wme  »b  dvndnlrs. 


(After  Tun  Lmliflwift.) 
J  hnuieh«  uf  the  Dwa 
Chen  us  cuUitCmla. 


jority  of  the  aeoroaes  of  the  giuiglui  of  the  dorsal  roots  mre 
histologically  adendritic;*  though  emhryologically,  and  per- 


i«IM>b  ul'  n 

K.     (Alter  I  ...„._    


4ii|cl«-l>nuK'hi!d  upivsl  dendrite 
■  ' '  ■■-'-     -  " gemniulia.'' 


•  Deuilriti-a  b»»P.  however,  been  dumuosCntL-d  upun  ixrtaui  at  tha  c 
iviihiu  tbu  ^ipiIwl  guiijliik 
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baps  also  physiologically,  the  aione  of  the  peripheral  seiiBory 
nerve  fibre  is  more  of  the  nature  of  a  dendrite.  Microscopie- 
ally,  however,  it  has  every  appearance  of  an  asia^^ylinder  pro- 
cess, and  indeed  mast  be  regarded  as  the  axis  cylinder  of  a 
ntedullated  nerve  fibre.  The  dendrites  within  the  central  nerv- 
ous system  are,  like  the  ceil  bodies,  entirely  devoid  of  myelin 
sheaths. 

Another  feature  characteristic   of  the  dendrites  of  some 
nerve  cells  deserves  more  than  passing  notice.     Upon  the  sur- 


FiO.  38. — PhutomicrogTBph  of  a  nomiBl  Purkinjp  cell  fruDi  the  h 

cortex.     (After  Berkley.) 

face  of  the  processes  it  is  possible  to  make  out  minute  lateral 
buds,  which,  although  too  small  perhaps  to  deserve  the  name  of 
branches,  are  still  definite  histological  structures,  probably  of 
no  mean  significance.  On  the  dendrites  of  the  pyramidal  cells 
(Fig.  3?)  of  the  cerebral  cortez  and  upon  those  of  the  Purkinje 
cells  in  the  cerebellum  (Fig.  38)  these  lateral  projections  are 
very  numerous  and  constant  in  silver  preparations  of  healthy 
tissue.  They  are  not  unlike  the  projections  into  the  liver  cells 
from  the  bile  capillaries,  as  revealed  by  Golgi'e  method,  but  ap- 


7fl  THE  NERVOUS  SYSTEM. 

pear  in  far  greater  numbers.  Berkley,  who  has  named  thew 
procexHes  "  gemmules,"  •  thiake  they  are  of  very  great  Bignifi- 
c^nire  for  the  coutact  of  different  neuroDce  with  one  another 
{Fig.  39),  and  thus  for  the  transference  of  inipolses  from  nen- 


rone  to  neurone.  He  asserts  that  iu  certain  diseases,  particu- 
larly in  certain  intoxications,  it  is  these  "  gemmules  "  which 
are  the  portions  of  the  neurone  which  first  suffer,  and  he  has 
even  su^ested  that  in  paralytic  dementia,  for  example,  the 
early  syraptums  may  be  explicable  by  assuming  the  destraction 
of  large  numbers  of  these  gemmules. 

It  has  been  objected  that  these  lateral  buds  are  demonstra- 
ble only  by  (.lolgi's  methods,  and  that  therefore  one  should 
hesitate   before  deciding  that  they  are  more  than  artefacts. 

•  The  selection  i>[  the  term  "jtemniules"  tiniwignate  the**  lateral  buds 
is  not  entirelj  free  fmio  objtH'Cuin.  initsmuch  as  the  same  wurd  wus  u^ed  bj 
Ditrwia  in  conniK'tiun  with  heredity  as  u  Datne  for  the  minute  r]>!nivnl^ 
which.  HceorliDK  to  his  theory  of  pHn^^nesis.  are  given  off  br  the  L'ell.^  in 
difft'ivnt  pMts  at  the  body,  to  be  taken  up  later  by  the  sexual  i-ellt^ 
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HiU  *  has  recently  stated  that,  although  he  finds  them  in  nine 
cases  out  of  ten,  he  believes  them  to  be  artefacts  representing 
**  the  cell  end  of  an  unstainable  nerve  filament  surrounded  by  a 
film  of  staining  cell  plasm."  From  the  constancy  of  their  ap- 
pearance on  the  dendrites  of  certain  only  of  the  nerve  cells, 
from  their  entire  absence  from  those  of  certain  others,  and  from 
the  fact  that  they  are  most  apparent  and  more  sharply  defined 
in  the  most  successful  impregnations,  it  seems,  however,  fair  to 
conclude  that  they  are  definite  histological  structures.  More- 
over, Bamon  y  Cajal  f  has  been  able  to  demonstrate  beautifully 
these  lateral  buds  on  the  dendrites  of  the  pyramidal  cells  of  the 
cerebral  cortex  by  means  of  the  "  vital  staining "  with  methy- 
lene blue,  and  has  pictured  them  in  Fig.  1,  «,  of  his  article. 
These  appearances  can,  therefore,  be  no  accident,  but  whether 
the  interpretations  thus  far  advanced  as  to  their  significance 
are  correct  or  not  further  knowledge  and  experience  must  de- 
termine. 


♦  Hill,  A.  Note  on  "thorns*'  and  a  theory  of  the  constitution  of  gray 
matter.    Brain,  Lond.,  vol.  xx,  1897,  pp.  131-137. 

t  Ramon  y  Cajal,  S.  Las  Espinas  Colaterales  de  las  Celiilas  del  C^erebro 
Teilidas  por  el  Azul  de  Metileno.  Revista  Trimestral  Microgr^fica,  Madrid, 
vol.  i,  fasc.  2  y  3,  Agosto,  1896,  pp.  123-136. 


CHAPTER  VIII. 

THE   EXTERNAL   FORM  OF  THE   AXIS-CYLINDER   PROCESSES 

OR   AXONES. 

The  axis-cylinder  processes  or  azones — Differential  characteristics  of  den- 
drites and  azones — The  relations  of  the  azones  to  the  cell  body — Den- 
draxones  and  Inaxones — Monaxones — Diaxones — Polyaxones — Anax- 
ones — Schizaxones — Modes  of  termination  of  axones — ^Teiodendrions— 
The  coverings  of  axones. 

The  axis-cylinder  processes  or  axones  •  of  nerve  cells  differ 
markedly  in  many  ways  from  the  dendrites.  The  appearances 
presented  by  an  axone  in  Golgi  preparations  are  so  characteris- 
tic that  after  a  little  experience  the  observer  will  rarely  have 
the  slightest  difiSculty  in  distinguishing  it  from  adjacent  den- 
drites; indeed,  a  few  days'  study  with  the  microscope  of 
successfully  impregnated  specimens  will  do  more  to  convince 
the  student  of  the  differences  in  type  of  dendrites  and  axones 
than  will  many  pages  of  careful  explanation.!  On  analysis, 
however,  the  structures  admit  of  differentiative  description. 
The  axone  differs  from  the  dendrite  in  its  mode  of  origin  from 
the  cell  body«  in  its  contour  and  calibre,  and  in  its  course  and 
mode  of  branching ;  further,  if  long,  it  is  usually  meduUat^, 
and  also  shows  differences  in  its  accessory  processes  and  in  its 
method  of  termination. 

Arising  embryologically  through  a  prolongation  of  the  stem 
of  the  peai^haped  neuroblast  (uide  infra)y  in  the  adult  the  ax- 
one comes  off  from  the  cell  body  or  from  a  dendrite  (Fig.  40), 
in  the  latter  ease  usually  near  the  cell  body,  though  sometimes 
at  a  long  distance  from  it,  by  a  narrow  wedge-shaped  beginning. 

*  KOlliker's  Neuraxon  is  well  shortened  to  the  more  simple  axone,  a  term 
convenient  and  not  likely  to  lead  to  any  confusion.  The  designation  neuritt 
has  also  been  applied  to  this  process. 

f  It  \uujst  be  atlmitted,  however,  that  in  certain  regions — for  example,  in 
the  sympathetic  ganglia  and  in  the  plexuses  of  Meissiier  and  Anerfoaeh — ^the 
dendrites  and  axones  may  resemble  one  another  so  closely  that  they  can 
only  with  considerable  difficulty  be  distinguished  from  one  another. 
TO 
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This  mode  of  origin  makee  the 
axonQ  appear  to  be  a  more  inde- 
pendent Btructure  than  the  den- 
drite, since  the  latter,  as  is 
obviouB  from  its  broad,  wedge- 
shaped  origin  and  from  the 
nature  of  its  contents,  is  sim- 
ply an  attenuated  portion  of 
the  body  of  the  nerve  cell.  That 
the  axone  ia,  however,  also  a  di- 
rect continuation  of  the  proto- 
plasm of  the  celt  body,  at  least 
of  the  ground  substance  of  that 
protoplasm,  there  can  be  no 
doubt,  although,  as  will  be  point- 
ed oat  later,  certain  substances, 
those  which  account  in  tissues 
fixed  in  alcohol  for  the  so-called 
Nissl  bodies,  present  in  consider- 
able amonnt  within  the  cell  body 
and  dendrites,  appear  to  be  en- 
tirely absent  from  the  a^iones,  or 
to  be  present  in  them  in  such 
small  quantities  as  to  escape  de- 
tection by  the  methods  at 
present  employed  for  demon- 
strating them. 

The  calibre  of  the  axonea 
varies  mach  for  the  dif- 
ferent cells,  correspond- 
ing in  general  to  the  length  of 
their  coarse,   a   point  which 
Schwalbe   early  pointed  out 
and    which    von    Lenhoss^k  fio. 
has  recently  emphasized.  Un- 
like that  of  the  dendrite,  its 
calibre   is,  as  a  rule,   main- 
tained for  a  considerable  dis- 
tance  from   the  cell.     Even 
in  the  dendraxones  (Qolgi's  cell.  Type   II ;   Eolliker's  Neuro- 
podien)   the  axone   is  sufficiently  well  characterized    in   this 


I. — Neurone  from  the  optic  lobe  of 
uiv  embijo  cliiek.  (After  Kolliker,) 
The  large  dendrite  running  toward  the 
periphery  of  the  lobe  given  rise  t^i  an 
Biune.  n.  which  rung  tvirard  thf  et-n- 
tre.  giving  off  in  its  couiw  several 
collatentls.  One  of  three,  e.  ia  much 
bmnchLil, 
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respect  to  permit  easily  of  its  identification  (Fig.  41).  We  are 
often  deceived  from  its  narrow  calibre  as  to  the  rolnme  of  an 
axis  cylinder.  This  may  be  aa  much  as  a  hundred  and  eighty- 
seven  times  that  of  the  cell  body  (Donaldson). 


The  sarface  of  tlie  axone  is  smooth,  its  contour  regular,  and 
its  course,  as  a  rule,  direct,  so  that  in  most  inatuuees  the  trained 
eye  can  recognize  it  in  Golgi  preparations  at  first  glance  stand- 
ing out  sharply  like  a  piece  of  black  thread  on  a  white  or  yel- 
lowish background.  The  axones  do  not  always,  however,  take 
the  course  to  their  destination  which  appears  to  be  tlie  shortest, 
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and  the  origin  and  significance  of  some  of  the  curves  and 
digressions,  for  example  of  the  root  fibres  of  the  nervus  facia- 
lis, are  difficult  to  understand. 

The  length  of  the  axones  is  in  the  highest  degree  variable. 
In  the  dendraxones,  where  dendritic  branching  of  the  axone 


Fig.  42. — Special  cells  Cpolyaxones)  of  molecular  layer  of  cerebral  cortex  of  a  dog 
one  day  old.  (After  Ram6n  y  Cajal. )  A,  fusiform  cell ;  B.  triangular  cell ; 
r,  another  fusiform  cell ;  />,  polygonal  cell  \iith  numerous  dendrites  and  an 
axone  which  divides  repeatedly ;  c,  axones. 

occurs  soon  after  its  departure  from  the  cell,  the  total  length 
before  complete  loss  of  individuality  may  amount  to  only  a  few 
millimetres,  or  even  to  a  fraction  of  one  millimetre.  On  the 
other  hand,  the  axones  of  some  of  the  motor  neurones  are  fully 
half  as  long  as  the  height  of  a  man.  Between  these  two  ex- 
tremes there  is  every  possible  degree  of  variation. 

The  neurones  with  long  axones  (inaxones  of  von  Lenhossek, 
Golgi's  cells  of  Type  I,  Kolliker's  lieteropodere  Nervenzellen)^ 
as  a  rule,  are  monaxones — ^that  is,  they  possess  only  one  axone, 


Fio.  43. — Bam6n  y  OgaVs  cell  from  the  superficial  layer  of  the  cerebral  cortex  of 
a  foetal  cat.     (After  Bctzius.)    a,  cell  body ;  h,  dendrite ;  c,  axones. 


though  the  spinal  ganglion  cells  may,  histologically  at  least  {vide 
supra) y  be  regarded  as  diaxones.  There  are  neurones,  too, 
which  possess  several  axones.  Among  these,  the  so-called  poly- 
axones,  are  the  cells  described  by  Ram6n  y  Cajal  in  the  outer 
layer  of  the  cerebral  cortex  of  certain  animals  (Figs.  42  and  43), 

from  the  horizontal  dendrites  of  which  as  many  as  four  or  even 
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more  brBDches  may  be  given  off  which 
posseas  all  the  external  characters  of 
delicate  axones.  According  to  Bamon 
y  Cajal,  many  of  the  sympathetic  gan- 
glion cells  laid  down  in  the  Tiscera — 
for  example,  those  of  Auerbach's  and 
Meissner's  plexascB  —  possess  several 
axoues. 

Anaxones,  nearoneB  which  appear 
to  be  absolutely  devoid  of  axiBK;ylinder 
processes,  occur  In  the  naclear  layer  of 
the  olfactory  bulb,  in  the  retina  (Fig. 
44)  {cellules  amacrineg  of  Ramon  y 
Cajal),  and,  as  von  Bechterew  has 
pointed  out,  within  the  baskets  of  the 


IVti 


1.  4S.— Aouione  from  the  badcci  of  ■  ParkiD)* 
iTll  of  the  cvn-hillar  .-ortei.  (Uelhod  of 
(nilgi :  >ncr  vuD  Bnhtcn^w. ) 


Pnrkinje  cells  of  the  cerebellnm  (Fig. 
45). 

To  axones  which  in  their  codtbc 
divide  into  two  equal  or  nearly  etgnal 
branches — for  example,  the  Y-ahaped 
divisions  of  the  central  axones  of 
peripheral  sensory  neurones  after  their 
entrance  into  the  central  nervons  sys- 
tem— the  name  of  schlzaxones  has 
been  applied  (Fig.  4t>). 

The  ultimate  terminals  (teloden- 
drions)  of  the  axones  have  been  care- 
fully and  exactly  studied  in  great  num- 
bers of  instances,  and  nearly  all  observ- 
ers agree  that,  as  far  as  can  be  made 
out  by  the  method  of  Golgi,  every  axone 
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invariably  ends  "  free."  The  termination  of  a  branch  of  an 
azone  by  means  of  a  definite  end  arborization  about  a  single 
cell  (Fig.  47)  occurs,  though 
not  BO  frequently  as  many 
writers  would  lead  one  to 
think.  The  common  mode 
of  ending  is  by  exhaustion 
through  multiple  division, 
this  division  being  often 
spread  over    quite  a  wide 


FI8.  46. 


Fio.  47. 


Fia.  48. — Y-shaped  diviKian  of  semniy  mot  flbrra  after  pntranw  into  the  gpinal 
cord.  Six-moiiths  human  enibryn.  (Afti?r  von  Kollikcr.)  Axonva  which 
anderjfo  mich  a  divisiou  aip  calU'd  bj  vun  I>^nhcHa6k  BchizBXontg. 

Fiu.  47. — End  ramiflcationa  fonninii  a  basketiroTk  about  tiro  Purkinje  ctilla  of 
the  cerebellar  cortex.  (From  Schafer,  after  Bam6n  T  Caia\.)  a,  aione  ;  b, 
basketwork. 

domain,  bo  that  the  terminal  branches  of  a  single  axone  not 
infrequently  come  into  the  neighborhood  of  the  dendrites  and 
cell  bodies  of  a  considerable  number  of  diSerent  neurones. 
It  may  not  be  Buperfluous  to  emphasize  this  fact,  inasmuch  as 
a  great  many  diagrams  hitherto  published  in  test-books  and  not 
a  few  descriptive  articles  are  entirely  miBleading ;  the  intimate 
intcrdigitatioQ  or  interweaving  of  the  terrainaU  of  one  axone 
exclusively  with  the  dendrites  of  a  second  neurone,  so  frequently 
pictured,  very  rarely  occurs,  except  in  a  few  localities,  aB,  for 
instance,  in  the  olfactory  glomeruli  of  some  animals  (Fig.  48). 
It  is  much  nearer  the  truth  to  think  of  one  neurone  coming  by 
means  of  the  terminals  of  its  axone  or  axones  into  contact  with. 
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and  thus  perhaps  being  put  into  a  condition  to  inflnence  the 
processes  or  cell  bodies  of  a  few  or  of  many  other  neurones 
("  avalanche  conduction  "  of  Bamon  y  Cajal).    In  the  accom- 
panying figure,  which  illustrates  the  terminal   sensory 
nucleus  of  the  trigeminus  in  the  cat,  the  distribution 
of  axones  oyer  a  considerable  area  is  clearly  shown 
(Fig.  49) ;  in  Fig.  50  and  in  Fig.  51, 
the  manifold  branchings  of  some  of     ^ft^*-^ 
the  end  ramifications  of  axones,  as     "^L 
revealed  by  the  method  of  Golgi,  are  vTa 
also  demonstrated. 

A  number  of  curious  forms 
of      termination 
have    been    de- 


V\Kk.    iS, 


Fn;.  49. 


axones 
mitral  i*ell5 


FlU.  4H.— .Sht'uu'  !»ho\viiix  the  n^latioiis  in  tht?  olfiictorv  Klumerali  of  the 
i»l'  lUc  i»lluil«»r.v  muroiKs  of  the  tiixt  onler  to  the  tk-uilriteh  of  the  miti 
iu  UuiU.     ^  Altvr  v»u  iivhuchteu. ) 

Fu».  m  -NuvKmis  uf  teriiuiwtioji  uf  the  seiiwnr  part  of  the  n«»rvii^  trijseminas  of 
Ihi  iul.  U\tVr  H<M.)  The  end  miuitieations  of  the  sio^^le  axis  cvlnvlers 
uiv  .<»eeii  t<»  W  ai.sm>>uti'd  iu  widely  s^pamietl  amws  S4»  that  impribWeiiniiiig 
ulouK  a  MUMie  lihre  to  the  uucleuK  luiiy  ct>uie  iu  contact  with  a  birse  numbex 
ut  ueui'oAU'A  of  the  sti'coud  order. 

scribtHl  iu  various  pjuts  of  the  central  nervous  svstem.     One  of 
the  iuo.st  iutomstiug  of  theae  is  that  shown  in  Fig.  52,  which 
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illustrates  the  mode  of  termination  of  the  so-called  "  climbing 
fibres  "  in  the  cerebellar  cortex.  Many  other  modes  of  termi- 
nation— for  example,  the  disclike  expansions  to  be  seen  in 


Fig.  50. — ^A  much-braDcbed  fibre  from  tbe  optic  thalamus  of  a  mouse.     (After 

Kolliker.) 

Meissner's  corpuscles  and  in  the  tactile,  discs  in  epithelial  sur- 
faces (Fig.  53) — might  be  mentioned.  The  curious  calyxlike 
terminals  (Held)  of  axones  met  with  in  the  nucleus  corporis 
trapezoidei  are  fully  described  and  pictured  in  a  subsequent 
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chapter  (Section  VI).  It  ie  to  be  remembered  that  within  the 
central  nervous  system  the  terminals  of  the  axones  and  eoUat- 
erels  maj,  in  some  instances,  come  in  direct  contact  with  the 
bodies  of  other  neurones  {nde  Fig.  47),  in  other  instances  the 
second  neurones  are  inflnenced  perhaps  mainly  through  their 
processes.  The  anatomical  relation  of  one  nerre  cell  with  an- 
other is  spoken  of  by  Foster  and  Sherrington  *  as  a  ggnaptis.  f 


Fw.  31,— Three  euJ 


updu  lob*  of  an  t* 


lu  the  majority,  ^though  not  tUI.  of  the  in&xones  the  axi»- 
cylijiiier  processes  are  in  the  greater  part  of  their  oonrse  inclo«d 
withiii  a  sheath.  Dendriuones,  being  for  the  most  part  entirely 
within  the  gray  matter  of  the  central  nervous  system,  poeaeffl 
axonal  processes  which  are.  as  a  rule,  devuid  of  such.  »  ^^ 
tective  cuveriug.  lu  the  majority  of  peripheral  spinal  and 
cerebral  nerves  this  covering  consists  of  a  relatively  thluk  fatty 
layer  forming  the  myelin  sheath,  estemal  to  which  is  a  cellular 
layer,  the  neurilemma.     Uenle's  sheath   is  the   tibrvns  tissat 


•  Op.  e^t^  p.VS». 


t  fn. 
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often  present  external  to  the  neurilemma.  Within  the  central 
nervous  sjetem  the  myelin  sheath  ia  present,  but  the  neurilemma 
appears  to  be  afaaent,  a  fact  which 
qteakB  strongly  in  favor  of  the 
view  that  the  myelin  sheath  is 
the  result  of  the  productive  ac- 
tivity of  the  axone  rather  than  of 
the  neurilemma  cells,  as  many 
have  believed.  The  sympathetic 
nerve  fibres  possess  no  myelin 
sheath,  but  are  surrounded  by 
protecting  layer  of  long,  flat  cells 
forming  a  sort  of  neurilemma. 
It  is  not  my  purpose  here  to  re- 
fer in  detail  to  the  histology  of 
these  various  sheaths  of  the  ax- 
one;  they  have  long  been  care- 
fully studied,  and  are  described 
at  length,  and,  ae  a  rale,  correct- 
ly, in  the  test>books.  I  Tould 
only  point  out  that  the  discovery 
of  the  fact  that  within  the  brain 
and  spinal  cord  the  axones  of 
neurones  destined  for  different 
functions  receive  their  myelin  sheaths  at  different  periods  in 
developmental  history,  and  its  application  as  a  means  of  analy- 
sis of  nerve  tracts  form  the  basis  of  Flechsig's  embryological 
methods.      By  means  of   the    recent   method   introduced  by 


Fm.  82.— The  Hocslled  "climbing 
fibres"  uf  thu  cerebellar  curtex 
from  the  brain  of  m  child  b  mantb 
and  a  h&lf  uld.    (After  KoUiker. ) 


Fio.  03.— IMBc-ahaped  expansiunR  on  nerve  fibrillie  of  the  pig'ti  snout  and  their 
nlation  to  cert^u  of  the  I'pithelial  cells.  (From  Siihafer,  after  Ranvier.) 
H,  nerve  fibre ;  n,  meniscua  ur  disc ;  a,  epitheli&l  cell  in  contsct  nitb  disc ; 
t,  ordinary  epithelial  cell. 
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Fio.  64— Developing  m;p1lu  ahaatlia  of  different  ages  as  seen  HuMugh  the  poUr- 
)zDtii>D  Diicnwcupe.  Schematic.  iAAlt  U.  Ambrunu  a.  U.  Held.  Arrb.  f. 
AnHt.  u.  Physiol.,  Anat.  Abth.,  LeipE..  IWW.  Tsf.  ii.  t  The  uppiT  of  the  tim 
flgun'fi  represcnUi  the  refli-x  path  liet^een  the  ucoustie  And  uptic  nerves  »Dd 
the  motor  appanitus  goviTiiing  the  movvmentH  nr  the  head  and  eyes.  The 
lower  flgure  ahowA  the  reflex  path  thmugli  the  dorxal  and  veotiHl  roots  of 
the  ^iDHl  cord.    Yellow  fibres  oldest ;  red  fibres  youngest. 
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Ambronn  and  Held,*  in  which  the  polarization  microscope 
permits  the  determination  of  the  younger  and  older  of  medul- 
lated  fibres  of  nearly  the  same  age,  the  sphere  of  application 
of  the  myelinization  method  of  study  has  been  considerably 
widened.  In  Fig.  54  the  sharpness  of  analysis  made  possible  by 
means  of  the  color  differentiation  is  illustrated.  Held  f  has 
tested  recently  by  means  of  the  polarization  method  the  effects 
of  stimulation  upon  the  progress  of  myelinization.  The  work 
done  upon  these  lines  belongs  to  one  of  the  most  important 
epochs  in  the  development  of  methods  of  neurological  investi- 
gation, and  to  the  application  of  Flechsig's  method  to  the 
study  of  some  of  the  higher  nerve  centres  I  shall  later  take 
occasion  to  refer.  The  portion  of  an  axone  nearest  the  cell 
body  is  with  some  exceptions  devoid  of  myelin,  as  are  also 
its  terminal  ramifications  (motor  end  plates  and  naked  telo- 
dendrions  within  the  central  nervous  system).  Here  and  there 
in  its  course  a  medullated  peripheral  nerve  fibre  jnay  suddenly 
lose  its  myelin  sheath,  be  devoid  of  it  for  a  certain  distance^ 
and  again  suddenly  be  covered  by  it  (Schiefferdecker). 


*  Ambronn,  H.,  und  H.  Held.  Beitrage  zur  Kenutniss  des  Nervenmarks. 
Ueber  Entwickelung  und  Bedeutung  des  Nerveninarks ;  Ueber  Beobachtun- 
gen  an  lebenden  und  frischen  Nervenfasern  und  die  Sichtbarkeit  ibrer  dop- 
pelten  Contourirung.  Arch.  f.  Anat.  u.  Physiol.,  Anat.  Abth.,  Leipz.,  Jahrg. 
(1896),  H.  iii  u.  iv,  S.  202,  214. 

f  Held,  H.  Ueber  experimentelle  Reifung  des  Nervenmarks.  Arch.  f. 
Anat.  u.  Physiol.,  Anat.  Abth.,  Leipz.,  Jahrg.  (1896),  H.  iii  u.  iv,  S.  222. 


<//.'>.  sj)  i)u^it*iiut^,0  A/f  Um'  )»fc</ii4i*,  tii*-  colLct^nik  (von  Ln- 
/>  '  ^  *^  f'tntfft^tff'H  i  \WHii^**  fydfuirofimdrU^'ny,  mud  ade 
llljll*' (M<;i^i^  MiM»(  f^<u  Ai/if»ii<|A'f<W.  Iti  Oolgi  prepaimdoiis tk 
p  ImI  >J  Mttt^tM  Mf  M  « «>llM<^r«i)  fr</m  iln;  iixcme  b  tuiiaUj  mmrked 
1.^  >t  »'Mfil»i  U)l'  h'Mhi^  In  llfM  npiiiiil  cord,  eoIUtendfi  from  the 
l)l>)»^  )^l  Ui»<  »(o*»^tl  hMM«  mimI  from  the  fibres  of  the  white 
to  >)>t(M  Mui  hi  H(  ilMti'MMif  |(»vit|ii  in  K^eat  numberB  into  the 
uiiui  .Milr.»«.nw  tj  j»»»  HmM  II  jilviMi  ni»rv«  fibre  maybe  connected 
\\\>\  ^^\\\\  \\\s\\  Mt»>  (4tf4V  MMiHiM*  111  wliirli  Itn  axone  finall j  termi- 
M»H»  ^  i'M^  rt. . » '♦'^ouiv  ^>V  Mi«*rtiK  of  \\*>  collaterals  with  the  gray 
^uHiM  i»i  \vi\  \\M\\\\  Mivi^mouU  of  Uio  oordintervening  between 
u  >'<»hh<  rtml  hluoinl*'  h^vhUoAt ioi^  a  fact  of  incalcnlable  im- 
\\\  un>  it\  Ou>  t'\ptnMnlli^«  of  iN>«ii<lal>o«t  oondnctions  and  of 
uum^'M  \si\r^\  HtUviMi**  A»v»>rihnp  to  X'OTi  Lenhossfi,  and 
usN  \>\  u  Mu\(>^>«  iho*»  ty^s  >«Mp)^AH  )u»  8l4*t<>Tnc'ntH  the  portion  of 
s*,.  'w.Mw  u>*M\S^^»^  M>»  »s»U  of  on^i»  4hal  i^  the  crtoproxinial 
y  :,'»N  o.^-s'*'s^\  io>^n\  MwMv  ooUatorals  than  thai  distant 
I     '    'V.  ,\'),  K^,s\  .  m\tI,ss^,  Ou^ ,  \^\<hsi»i'  iwiTtion  of  the  axone 
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You  Lenhossek,  who  has  made  exhaustive  studies  of  the  spinal 
cord,  including  that  of  human  beings  (Fig.  66),  has  never  been 
able  to  find  collaterals  in  the  fasciculus  gracilis  Colli  and  does 
not  believe  that  they  exist  there.  Moreover,  the  number  of 
collaterals  varies  much,  not  only  for  axones  of  the  same  fascicu- 
lus, but  also  and  more  particularly  for  the  axones  of  different 
physiological  systems.    In  the  dorsal  fasciculi  of  the  spinal  cord, 


Fio.  55. — Scheme  showing  the  elements  of  the  gr&y  matter  of  the  spinal  cord. 
On  the  left  arc  shown  the  terminal  axones  and  collaterals  entering  the  giay 
matter  from  the  white;  substance ;  on  the  right  are  to  be  seen  the  different 
nerve  cells  of  the  gray  matter.  (After  von  Lenhossek  as  modified  by  van 
Gehuchten. )  a,  ventral  horn  cells,  the  axones  of  which  go  into  the  ventral 
roots  of  the  spinal  nerves ;  6,  cell,  the  axone  of  which  paaan^H  into  the  dorsal 
root  of  a  spinal  nerve  ;  c,  c',  d,  {,  p,  cells,  the  axones  of  which  pass  to  the  fas- 
ciculi of  the  white  matter ;  c,  heteromcric  neurones ;  c\  hecateromeric  neu- 
rone;  (i,  If  p,  tautomeric  neurones ;  G,  Golgi's  cell  Type  II,  or  dendraxone. 

von  Lenhossek  has  shown  that  the  collaterals  are  most  abundant 
in  the  entry  zone ;  they  are  very  numerous  in  the  middle  and 
ventral  parts  of  the  fasciculus  cuneatus  Burdachi,  but  occur  in 
much  smaller  numbers  in  its  dorsal  peripheral  part ;  and  in  the 
fasciculus  gracilis,  as  has  just  been  pointed  out,  they  appear  to 
be  absent  altogether.  That  they  are  absent  in  the  fasciculus 
gracilis  must  not  be  taken  to  mean  that  these  axones  are  en- 
tirely deprived  of  collaterals,  inasmuch,  as  is  well  known,  those 
belonging  to  the  fibres  constituting  the  fasciculus  gracilis  rep- 
resent axones  of  dorsal  root  fibres,  which  lower  down  have  run 
for  some  distance  in  the  fasciculus  cuneatus  and  only  after  a 
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longer  or  shorter  course  within  the  cord  have  passed  over,  or 
have  been  pushed  over  through  the  eutrance  of  more  fibres  from 
dorsal  roots  higher  up,  into  the  fasciculus  gracilis.  That  there 
are  axones,  however,  which  have  do  collaterals  seems  very  prob- 
able, and  this  is  true  for 
many  osoues  of  ventral  horn 
cells  and  of  the  optic  and  ol- 
factory peripheral  sen- 
sory neurones. 

The  collaterals  are 
often,  it  might  perhaps 
■  be  said  generally,  me- 
,'  dullated,  and  an  im- 
i'  mense  number  of  the 
very  fine  fibres  revealed 
by  Weigert's  method 
within  the  gray  matter  of 
the  central  system  represent 
medullated  collaterals.  A 
great  step  forward  was  made 
when  it  became  possible  to 
recognize  that  the  great  mass 
of  medullated  fibres  passing 
in  from  the  dorsal  funiculi 
of  the  cord  do  not  represent 
the  terminal  branches  of  the 
fibres  of  the  dorsal  roots,  nor 
even  the  main  stems  of  these 
fibres  on  their  way  through 
the  cord.  The  majority  of 
these  fibres  represent  col- 
laterals and  are  not  main 
branches  of  dorsal  root  fibres, 
by  far  the  majority  of  the 
latter  passing  on  up  in  the 
dorsal  funicnli.  Thanks  to 
the  extremely  careful  studies 
of  Ton  Lenhossek,  Ramon  y  Cajal,  and  Kulliker,  which  supple- 
ment the  embryol(^ical  investigations  of  Flechsig*  we  are  now 
able  to  recognize  very  different  groups  of  these  collaterals,  in- 
cluding the  redes  collaterals  and  others,  groups  differing  in 


Fici.  se.— EndiDgs.  a.  of  rollatemlB  from 
the  donnl  fliniruU  in  the  gniy  niAtlrr 
of  (he  8|)inHl  conl  of  the-  DFWbom  nib- 
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origin,  in  their  methods  of  termination,  and,  most  interesting 
of  all,  probably  in  function.  This  new  classification  is  destined 
to  go  far  in  rendering  clearer  the  pathology  of  the  spinal  cord 
— indeed,  it  has  already  done  much  to  elucidate  many  obscure 
problems  connected  therewith. 

The  free  ending  of  the  collaterals  like  that  of  the  terminal 
axones  is  insisted  upon  by  those  who  work  with  the  method  of 
Golgi  (Fig.  56).  After  repeated  division  each  little  fibril  runs 
out  into  a  terminal  end  point  which  occasionally,  though  not 
always,  appears  slightly  knobbed.  The  collateral  may  thus 
come  in  contact,  by  virtue  of  its  end  arborization,  with  the  pro- 
cesses of  several  other  neurones,  and  here  as  before  the  diagram- 
matic representation  of  collaterals  surrounding  exclusively  the 
cell  body  or  dendrites  of  a  single  neurone  is  to  be  emphasized 
as  misleading.  While  it  can  not  be  denied  that  such  a  means 
of  ending  may  occur,  it  is  at  least  certain  that  it  is  not  the 
only  one,  nor,  I  think,  the  most  common.  The  importance 
of  recognizing  the  real  method  of  termination  becomes  more 
obvious  in  the  consideration  of  the  simultaneous  affection  of 
a  whole  series  of  neurones  belonging  to  one 
functional  neurone  group.  As  to  whether  col- 
laterals can  be  distributed  in  domains  in  which 
they  can  come  into  conduction  relation  only 
with  the  side  fibrils  or  collaterals  of  axones  of 
other  neurones,  I  shall  have  something  to  say 
when  discussing  the  possible  functions  of  the 
different  parts  of  the  neurones. 

Golgi 'distinguishes  the  side  fibrils  (Fig.  57), 
which  run  off  from  the 
axone  into  the  gray  mat- 
ter immediately  after  its 
origin,  from  the  regular 
collaterals  which  arise  at 
a  greater  distance  from 
the  cell  body.  The  form- 
er are  non  -  meduUated, 

the  latter  usually  medul-  ^^^-  57.— Side  fibril  of  Golgi  on  the  axone  of  a 

,        J       ^-,,          ,               ,  motor  c4?ll  of  the  ventral  horn  of  the  spinal 

iated.       1  nOUgn  morphO-  cord.    The  arrow  indicates  the  ceUuliftigal 

logically  there    seems   to  ^^^^^^ion.     (After  von  Lenhoss^k.) 

be  no  very  obvious  reason  for  such  a  division,  von  Lenhossek 
has  recently  expressed  himself  as  of  the  opinion  that  the  two 
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stmctnres  may  be  of  different  significance  in  their  functional 
aspects,  a  subject  to  which  it  will  also  be  necessary  to  return. 

In  sum,  then,  the  cell  body,  dendrites,  axones  with  their  col- 
laterals and  telodendrions  represent  the  different  portions  of 
the  neurones  as  discovered  by  the  Golgi  method.  It  is  obTious 
that  the  closer  the  analysis,  the  more  certain  and  distinct  be- 
comes the  view  of  the  relative  morphological  independence  of 
the  nerve  units.  Even  of  the  existence  of  a  soldering  inter- 
substance  we  have  very  little  evidence  of  a  convincing  nature. 
His  assumes  the  presence  of  an  unformed  ground  substance 
between  the  different  processes,  and  suggests  that  this  may  be 
a  constituent  easily  affected  by  influences  of  a  general  nature, 
especially  those  of  nutrition.  On  the  other  hand,  von  Lenhos- 
sek  argues  that  no  one  has  seen  this  intermediate  cement  sub- 
stance, and  believes  that  it  is  possible  to  get  along  with  the 
view  which  looks  upon  the  plasma  stream  or  lymph  stream  as 
the  only  substance  saturating  the  final  plexus  of  nerve  processes 
and  filling  up  the  minimal  interspaces  of  the  tissue.  Our 
knowledge  of  the  lymphatics  of  the  central  nervous  system  is, 
however,  deplorably  deficient,  and  there  is  urgent  need  for  fur- 
ther research  in  this  direction.*  Ramon  y  CajaPs  f  hypothesis, 
according  to  which  the  penetration  of  neuroglia  fibrils  between 
the  processes  of  neighboring  neurones  plays  a  part  in  the  make 
and  break  of  conduction  paths,  has  as  yet  but  little  basis 
dependent  directly  upon  anatomical  observation. 

To  Held's  views  with  regard  to  "  concrescence  "  as  a  mode 
of  intemeuronal  relation  we  have  already  referred  in  Chapter 
VI.  In  his  third  contribution  to  the  structure  of  nerve  cells 
Held  I  mentions  that  by  means  of  Golgi^s  method  he  has  been 

^  Cf.  Binswanger,  0.  und  H.  Berger.  BeitrSge  zur  Kenntniss  der  Lymph- 
circulation  in  der  Grosshimrinde.  Arch.  f.  path.  Anat  (etc),  BerL,  1896» 
Bd.  clii.  &  5S5-^H4. 

f  Ramon  y  Cajal,  S.  Alg^nas  conjeturas  sobre  el  mecanismo  anat4Smioo 
de  la  ideacion,  asociacion  j  atencion.  Rev.  de  med.  y  cinig.  pr&ct.  Madrid, 
1893,  vol.  XXX v]\  pp.  497--50B.  Translated  into  German  in  Arch.  1  Anat.  a. 
PhysioL,  Anat.  Abth..  Leipt,  Jahrg.  1895,  H.  4/6,  S.  367-37a  Ct  criticism 
by  V.  KOlliker,  A.  Ueber  die  neae  Hypothese  von  Ram6n  von  der  Bedea- 
tung  der  Xeuroglia<£lemente  des  Gehim&  Sitxnngsber.  der  phys.-nied. 
Gesellsch.  z.  Wttrzburg.  1896,  No.  8. 

X  Held,  II.  Beitrfige  zur  Structur  der  Xervenzellen  und  ihre  Fortsitze. 
Dritte  Abhandlung.  Arch.  f.  Anat.  n.  PhysioL,  Anat.  Abth.,  Leipz.,  Sap- 
plementbaiKU  1897,  S.  379-312. 


Fid.  58. — Pericellular  networks  believed  b;  Held  to  be  rormed  by  the  terminals 
of  Bioiiea.  (JuIki  pre[mrations  from  a  cat  twenty  dajH  old.  Stetions  70  b. 
thick.  <.\rt«r  a.  Held.  Arch.  f.  Anat.  u.  Pliysiol..  Leipr...  1897.  Anat. 
Abth.,  Suppl.  Bd..  Taf.  xiv.  Figs.  8,  7,  and  8.)  A.  VM  with  network  from 
nueleua  nerri  cochlearis  ventralis.  The  pcriei-llular  network  surrounds  the 
whole  cxil  and  a  dpndrite  ptisflinK  upwaiil.  The  flhrp  a  cnrrpapoi><i'<  to  one 
of  the  thickened  flbr™  of  the  N.  cochlete  described  hy  RamAn  y  (lijal  and 
Held.  Beyond  the  thickened  npot  flbrilH  go  to  join  the  Rpneral  pericellular 
network.  B.  Part  of  the  network  anmnd  a  cell  in  the  nucleus  nervi  vcKtib- 
nlaris  latpralis  (Deilere).  Held  believes  that  the  thickeninffs  in  the  net- 
work may  correspond  tv  the  aRKregationa  of  neurosomeiii  which  stain  in  iron- 
hematoxylin  proparationn,  a,  ft,  e.  d.  «./.  axonen  which  help  to  form  the 
network.  C  Part  of  the  network  around  a  cell  of  the  nucleus  nervi  coth- 
learis  ventralis ;  the  anastoraoees  of  the  coarser  subdiviMons  of  the  fibres 
a  and  b  and  the  larger  swellings  of  the  threads  of  the  network  are  cleariy 

TUbl..  „ 
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able  to  show  the  formation  by  terminal  axones  of  pericellular 
and  peridendritic  networks.  This  finding  is  illustrated  in  Fig. 
58.  The  views  of  Apathy  as  to  the  connection  of  many  neu- 
rones with  one  another  by  means  of  neurofibrillae  have  also 
been  dealt  with  in  Chapter  VI. 

As  this  book  is  being  put  through  the  press  a  novel  idea 
with  regard  to  intercellular  substances  has  been  suggested  by 
Kissl.*    This  investigator  has  through  the  researches  of  Becker, 
Apathy,  and  Bethe  (cf.  Chapter  XIII)  recently  been  led  to  believe 
that  certain  fibrillary  structures  demonstrable  by  special  methods 
within  the  protoplasm  of  the  nerve  cells  are  the  elements  actu- 
ally concerned  in  nerve  functions.     On  the  ground  of  as  yet 
rather  meagre  evidence  he  attempts  to  show  that  these  fibrils 
also  exist  outside  of  the  nerve  cells  and  their  processes,  in  cer- 
tain places  in  great  abundance.     It  is  his  opinion  that  the  es- 
sential difference  between  the  gray  matter  and  the  white  matter 
of  the  central  nervous  system  is  not  dependent,  as  those  who 
have  worked  with  Golgi's  method  contend,  simply  upon  the 
enormous  number  of  cell  bodies,  dendrites,  and  collaterals  in 
the  former  and  the  immense  number  of  meduUated  fibres  in 
the  latter,  but  rather  upon  the  presence  of  a  special  morpho- 
logical constituent.      Since  there  is  much  evidence  that  the 
gray  matter  of  vertiebrates  corresponds  to  the  neuropil  of  in- 
vertebrates, and  since  in  the  latter  Apathy  asserts  that  he  can 
demonstrate  as  the  principal  constituent  a  network  of  naked 
neuro-fibrils  (cf.  Fig.  30,  in  Chapter  VI),  Xissl  thinks  it  likely 
that  the  peculiar  essential  constituent  of  the  gray  matter  of 
vertebrates  is  a  mass  of  these  extracellular  nerve  fibrils  in  the 
sense  of  Apathy  and  Bethe.     To  this  intercellular  substance, 
together  with  the  neuro-fibrils  in  the  protoplasm  of  the  nerve 
cells  and  their  processes,  he  attributes  the  highest  functions  of 
the  nervous  system.     He  grants  that  our  technique  at  present 
is  absolutely  insuflScient  to  demonstrate  the  actual  character  of 
the  intercellular  substances,  but  believes  that  he  has  brought 
the  proof  that  a  specific  constituent  of  the  gray  matter  actu- 
ally exists  by  a  comparative  study  of  the  cerebral  cortex  of  the 
motor  area  in  man  (Fig.  59),  dog  (Fig.  60),  and  mole  (Fig.  61). 
It  is  obvious  from  a  comparison  of  these  three  figures  that  the 


*  Nissl,  F.     Nervenzellen  und  graue  Substanz.     MQnch.  raed.  WohD- 
schr.,  Bd.  xlv,  1898,  S.  988 ;  1023 ;  1060. 


THE  EXTERNAL  MORPHOLOGY  OP  NEURONES.    97 

higher  the  animal  the  fewer  cell  bodies  in  areas  of  gray  matter 
of  equal  size.  Now  this  discrepancy  is  attributed  by  Ramdn  y 
Cajsl  and  otliere  to  the  easily  demonstrablo  disproportionality 
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Fia.  59.— Reprodoctionorn  photogrRmorapeipendicalHrxectloll  through  the  tip 
■if  thv  hisd  of  the  gyrun  centntlU  snt^rior  of  a  healthy  adult  man  cInHtt  to 
the  Iklx.    Staining  by  Ni!«ra  mvthcid.    I.  Layer  poor  in  cells.    II.  Layer  nf 


pyntmidal  cells,  cimtainiag  2  =  layiT  of  ainall  pyramidal  rellH  i  —  2.  U^y- 

-    n'iilaycTi  +  3— layeriifiarKe  pyramidal  cells  1  =  3.  Meyncrt's  layeri.  lU. 

yer  of  small  celln  1  =  4.  Mcynert'a  layer),    IV.  IntcmaHH)  and  extcntal 


le  of  the  layer  of  medullated  abri'B(  =  S.  Meynert's  layer).  Then 
Rion  marked  6  eorretipundH  to  the  ganglioii-i-ell  layer  uf  Uammarbrrg  and 
the  region  marked  6  to  the  gpindlr-eell  layer.  (After  F.  Niasl.  Hrmcb.  med. 
Wchnachr..  Bd.  ilv,  18B8.  S.  1087,  Fig.  S.j 

of  development  of  the  dendrites  and  collaterals  pertaining  to 
the  cerebral  neurones  of  the  different  animals,  but  Nissl  denies 
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the  adequacy  of  thia  explanation.  He  aaserta  that  many  of  the 
Btmetnres  which  appear  to  be,  and  are  described  as,  dendrite* 
of  the  pyramidal  cells  in  Golgi  preparations  can  not  poBBibly 


Fio.  SO. — Kepradnction  of  n  pbotogram  from  a  perpendicular  cortical  »«d« 
through  the  suniniit  of  the  sttus  just  in  ^nt  of  the  sulcux  eniciatUB  of  an 
adult  dog  close  to  the  fall.  Staining  by  the  method  of  Nlasl.  I  =  coitiaJ 
layer  frci.-  (Wim  ceils ;  2.  subdivisible  into  a  narrower  external  and  a  broader 
intomal  aone,  but  in  no  way  homolugical  with  II  uf  Fig.  S9.  On  the  otber 
hand,  2  in  Fif;.  flO  correHponds  to  8  in  Fig.ni :  3  in  Fig.  60  ctimspunda  lii  1  in 
Fig.  61;  (4'fSl  =  layer  of  medullated  flhrcncomwpondinft  to  6  +  S  in  Fig.  !>>, 
and  also  to  S  4-6  in  Fig.  61.  That  ia.  i  In  Fig.  60  corresponds  tufi  in  Fig.  HU 
while  5  in  Fig.  60  =  6  in  Fig.  61.  lAfter  F.  NIkI.  Mflnch.  med.  Wchnscbr.. 
Bd.  ilv,  1898,  8.  1027.  Fig.  4. ) 

be  dendrites  at  all,  and  maintains  that  in  any  case  in  layer  II 
(Meynert's  3.  and  3.  layers)  of  Fig.  59,  there  must  be  a  sub- 
stance present  which  is  entirely  absent  or  at  most  present  in 
bnt  small  amounts  in  the  homologons  layer  in  Fig,  60  and  Fig. 
61.  A  difference  in  the  number  of  nerve-cell  proceases,  glia 
cells,  and  glia  fibres  sufficient  to  account  for  the  inequality  in 
the  different  specimens  is,  he  believes,  absolutely  impossible. 

Thia  view  of  Nissl's  is  certainly  most  interesting,  and,  com- 
ing from  so  high  a  source,  worthy  of  the  most  thoughtful  con- 
sideration.    Should  it  turn  ont  that  besides  the  nerve  cells  (or 
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neurones)  and  the  glia  cells  and  their  fibrils  these  peculiar  inter- 
cellular substances  do  really  exist,  the  writer  confesses  that  he 
would  not  be  much  surprised.  Nor  is  it  unthinkable  that  inter- 
cellular substances  in  the  nervous  system,  if  present,  could  be  of 
the  highest  functional  importance,  for  in  other  tissues  we  have 
not  a  little  evidence  that  intercellular  subatances  play  an  impor- 
tant role  in  physiological  processes.  One  has  only  to  remember 
the  fluids  of  the  blood  and  the  fibrils  of  the  connective  tissues, 
for  example  of  tendons,  to  satisfy  himself  in  this  regard.  Xo 
one,  however,  hesitates  on  this  account  to  believe  that  blood  cells 
and  connective  tissue  cells  exist,  and  that  they  are  of  paramount 
importance ;  similarly,  even  were  interneuronal  substances  of 
great  funotional  significance  demonstrated  in  the  nervous  sys- 


Fio.  01.— Bepmduction  of  a,  photognm  of  a  perpendkular  section  throutth  the 
cerebral  curti^x  o(  a  mole,  1  mm.  in  front  of  the  crucial  suturu  close  to  the 
lUx.  Stainins  by  the  method  of  Xiasl.  1  =  citvnutl  layer  free  from  crlln ; 
2,  clukrocteriatic  type  of  eell  arrangement  id  all  cortiisl  Hreaa  coniieuted  with 
the  olbrtorius,  especially  in  the  lobun  pyriformla  ;  3  (  =  2  of  Fig.  60,  execpt 
the  thin  cell-layer  adjoining  the  cell-free  layer,  which  remindxone  slill  of  3 
of  Fig.  ei):  4i  =  3«f  Fig.  60);  Sl  =  *of  FiK-flOl;  «  (  =5  of  Fig.  BOJ.  (After 
F.  NiwI.  Manch.  med.  Wchnitchr.,  Bd.  ilv,  1S98,  8.  1087,  Fig.  5.) 

tem,  no  one  surely  would  draw  the  absurd  conclusion  that 
nerve  cells  or  neurones  do  not  exist,  or  that  they  are  of  but 
little  tmictional  value. 

Brief  reference  only  is  necessary  to  the  hypothesis  of  Rabl- 
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Biickhard  *  and  the  modifications  and  extensions  of  it  by  Du- 
val,! Tanzi,  and  others.  J  The  whole  doctrine  by  means  of  which 
sleep,  ansBsthesia,  the  phenomena  of  hysteria,  double  person- 
ality, etc.,  are  to  be  explained  by  amoeboid  movements  of  the 
dendrites,  or  the  so-called  "  retraction  theory,"  appears  to  be 
based  upon  (1)  the  single  observation  of  Wiedersheim  with  re- 
gard to  amoeboid  movements  of  the  processes  of  nerve  cells  in 
transparent  animals  like  Leptodora  hyalina  and  (2)  the  undu- 
latory  movements  of  the  distal  processes  of  the  olfactory  periph- 
eral neurones.  The  idea  has  been  severely  criticised  by  von 
KoUiker,*  and  it  is  worthy  of  note  that  a  theory  so  feebly  sup- 
ported by  facts  has  been  so  widely  accepted  and  made  the  basis 
of  a  mass  of  clinical  generalizations. 

*  Rabl-RUckhard,  H.  Sind  die  Ganglienzellen  arooboid  f  Eine  H jpo- 
these  zur  Mechanik  psychischer  Vorg&nge.  Neurol.  Centralbl.,  Leipz.,  Bd 
ix  (1890),  S.  199: 

f  Duval,  M.  Hypotheses  sur  la  physiologie  des  centres  nerveux ;  tbeorie 
histologique  du  sommeil.  Compt.  rend.  Soc  de  biol.,  Par.,  1895, 10.  s.,  ii,  pp. 
74-77. 

X  Tanzi.  I  fatti  e  le  induzioni  neir  odierna  istologia  del  sistema  nervosa 
Rivista  sperim.  di  freniatria,  vol.  xix  (1893). 

*  von  KOUiker,  A.  Kritik  der  Hypothesen  von  Rabl-Rnckhard  und 
Duval  fiber  amSboide  Bewegungen  der  Neurodendren.  Sitzungsber.  der 
phys.-med.,  Gesellsch.,  WUrzburg  (1895),  9.  Mftrz. 
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STUDIES   BY   METHODS   WHICH   REVEAL  THE   INTERIOR  OP 

NEURONES. 

Internal  morphologj  of  neurones — Investigations  of  Reraak,  Max  Schultze, 
and  others — Doctrine  of  a  fibrillary  structure — Studies  of  Flemming 
and  Dogiel — Method  of  Nissl — Stainable  and  unstainable  substances  of 
Nissl — Investigations  of  von  Lenhossek. 

Sufficient  has  been  said  to  make  apparent  the  extraor- 
dinary significance  of  the  methods  of  Golgi  and  of  Ehrlich 
for  the  investigation  of  the  nerve  structures.  Certain  it  is, 
that  with  regard  to  the  external  form  of  the  neurones,  the  gen- 
eral interrelations  of  these  cells  and  their  processes,  the  origin 
of  peripheral  nerve  fibres  from  cells  in  the  nerve  centres,  and 
the  establishment  of  the  existence  of  channels  accessory  to  the 
main  conduction  by  means  of  collaterals,  these  methods  have 
led  to  clearer  and  more  definite  knowledge  than  any  others 
hitherto  employed. 

But  a  knowledge  of  the  external  form  and  connections  of 
nerve  cells  is  by  itself  necessarily  insufficient,  and  if  we  are  ever 
to  gain  any  adequate  idea  of  the  relation  of  the  morphology  of 
nerve  cells  to  their  complex  functions,  the  methods  described 
must  be  supplemented  by  others  which  enable  us  to  penetrate 
into  the  interior  of  the  individual  neurones,  and  to  become  ac- 
quainted with  the  structure  of  the  protoplasm  of  which  they 
are  made  up.  Here  we  enter  one  of  the  most  obscure  domains 
in  the  whole  of  histology.  We  stand  before  the  cells  and  their 
ultimate  structure  in  the  position  occupied  by  histologists  a 
century  ago  as  regards  the  individual  organs  and  tissues.  The 
desirability  of  becoming  conversant  with  the  morphological  re- 
lations existing  inside  the  nerve  cells  becomes  all  the  more 
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obvious  when  one  thinks  of  the  possibility  of  ultimately  being 
able  to  trace  a  direct  bearing  of  these  upon  function.  When 
we  remember  not  only  the  functions  which  the  nerve  cell  pos- 
sesses in  common  with  all  cells,  but  also  the  remarkable  capacity 
it  exhibits  for  responding  to  external  irritation,  and  apparently 
for-feeprding  and  reproducing  the  happenings  which  go  on 
witKinit,  prd<3'esse6 -which  in  groups  of  neurones  we  recognize 
^^•wh6t;Hft*Cttll-habit^aiIfJ.  memory,  the  significance  of  such  a 
pos^bililby  •becomes- eVittcttt. 

Let  UB  turn  for  a  few  moments  to  a  consideration  of  the 
studies  which  have  already  been  made  with  the  object  of  gain- 
ing an  insight  into  the  internal  structure  of  nerve  cells.  About 
half  a  century  ago,  Bemak*  called  attention  to  a  fibrillary 
structure  inside  the  axis  cylinder  and  cell  body  of  certain  of 
the  nerve  cells ;  this  was  afterward  further  studied  by  Wolter 
and  Leydig  in  invertebrates,  and  by  Beale,  Frommann,  Deiters, 
KoUiker,  and  others  In  vertebrate  tissues,  but,  it  must  be  con- 
fessed, with  no  very  complete  agreement  among  the  various  in- 
vestigators. 

The  most  notable  of  the  earlier  researches  are  those  of  Mai 
Schultze.f  This  observer  studied  nerve  cells  and  nerve  fibres 
from  different  parts  of  the  central  nervous  system  of  different 
animals,  and  has  given  us  an  elaborate  description  of  his  find- 
ings, which,  by  the  way,  have  done  much  to  influence  the 
articles  in  the  text-books  ever  since.  The  fibrillary  nature  of 
the  axis-cylinder  process  had  been  described  before,  but  Max 
Schultze  asserted  that  portions  of  the  whole  cell  body  are 
fibrillary,  and  further,  that  the  fibrils  are  to  be  found  within 
all  the  processes  of  nerve  cells  and  not  simply  in  the  axis 
cylinder.  The  differences  in  appearance,  he  thought,  depend 
upon  the  amount  of  interfibrillar  granular  substance  present 
This  substance,  he  states,  is  scanty  in  the  axis-cylinder  pro- 
cesses, while  in  portions  of  the  cell  body  and  in  the  pro- 
toplasmic processes  it  is  often  abundant.  An  idea  of  Max 
Schultze's  conception  can  be  gained  from  a  study  of  the  illus- 
tration of  the  larcce  nerve  cell  from  the  brain  of  the  tor- 
pedo taken  from  his  article  (Fig.  62).     Schultze  asserted  that 

♦Remak.  R.  Neurolo^ische  Eriauteningen.  Arch.  f.  Anat,  Physiol, 
u.  wissensch.  Med.,  Berl.,  1844,  S.  463-472. 

f  Strieker,  S.  A  Manual  of  Histology,  American  transl.  8vo.  New 
York,  1872,  pp.  134  et  aeq. 
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the  fibrils  which  he  described  can  easily  be  made  out  in  fresh 
cells  prepared  in  sernni  without  any  staining  or  fixing  reagent, 
but  that  they  are  beat  demonstrated  by  bichromate  solutions. 
He  further  added  that  the  nucleus  lies  imbedded  in  the  finely 
gran  alar  fibrillated  material 
of  the  central  part  of  the 
cell,  but  does  not  appear  to 
stand  in  any  direct  connec- 
tion with  the  distinct  fibrils 
covering  the  exter- 
nal surface.  It  was 
also  his  idea  that 
the  fibrils  which 
compose  the  axis 
cylinder  result 
from  the  collection 
into  a  group  of  the 
fibrils  from  the  ar- 
borescent processes 
of  the  cell ;  that  is 
to  say,  that  the 
fibrils  which  are 
seen  traversing  the 
substance  of  th« 
ganglion  cell  do 
not  originate  in  the  cell, 
but  only  undergo  a  kind  of 
arrangement  in  it,  and  then 
pass  to  the  axis  -  cylinder 
process  or  extend  into  the 
F.o.e2.-Oangiion,«lif™o"the«i«tricicbe   other  branched  processes.* 

of  the  htain  of  the  torpedo  as  pictured  by    In   TieW   of  wh»t  We   knOW 
Max  Schultze.     o,  aiig-cyliiitlvr  process;  *    it  i         i  t 

b,  protopUamic  procesBes.  nOW   01     ttie     stmcture      01 

nerve  cells,  and  of  what  can 
be  made  out  with  the  methods  he  employed,  it  is  almost  incon- 
ceivable how  Max  Schultze  coold  have  seen  nerve  cells  as  they 
appear  in  his  figures  (Fig.  62).  That  his  view,  however,  is  sur- 
prisingly near  that  held  as  the  result  of  some  of  the  most  recent 
researches  can  not  be  denied.     The  study  of  the  bibliography 


•  Op.  cit.,  p.  137. 
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since  his  time  is  rendered  difficnlt  by  the  fact  that  different 
observers  have  used  different  terms  to  indicate  the  same  thing 
— ^in  fact,  nowhere  in  histology,  perhaps,  has  there  been  more 
confusion  than  in  dealing  with  the  granules  and  fibrils  within 
nerve  cells. 

The  doctrine  of  the  fibrillary  structure  of  the  nerve  cell  was 
supported  strongly  by  Boll,  Schwalbe,  and  Ranvier.  This  view 
soon  met  with  opponents,  however,  among  whom  Amdt  and 
Key  and  Retzius  were,  before  Nissl's  publications,  the  most  im- 
portant. The  first,  in  1874,*  describing  the  structure  of  the 
spinal  ganglion  cells,  spoke  of  the  presence  in  them  of  different 
kinds  of  ^^  elementary  spherules,"  which  varied  in  size  and  in 
general  appearance.  Key  and  Retzius  f  declared  that  the 
ground  substance  of  the  spinal  ganglion  cell  was  homogeneous, 
but  that  in  it  numerous  strongly  refractive  round  or  oval  granules 
were  present ;  and  they  thought  that  the  appearance  of  a  con- 
centric striation  or  fibrillation  could  be  simulated  through  the 
arrangement  of  these  granules  in  rows.  Flemming,  in  1882,| 
saw  granules  within  the  cells  which  would  stain  with  nuclear 
dyes,  azo  dyes,  and  haematoxylin,  but  nevertheless  aflSrmed  a 
fibrillary  structure  of  the  central  cells,  and  of  a  tortuous  or 
much-curved  threadwork  within  the  spinal  ganglion  cells  be- 
tween the  granules.  He  did  not  believe,  however,  that  in  the 
spinal  ganglion  cells  there  were  long  connected  fibrils,  such  as 
the  earlier  observers  had  described,  but  thought  that  the  cell 
body  was  in  the  main  constituted  of  numerous,  evenly  dis- 
tributed, very  short  threads,  which  showed  sometimes  finer  or 
coarser  thickenings  upon  them,  observations  which  were  sup- 
ported subsequently  by  E.  Miiller.*    Flemming  has  recently 

*  Amdt,  R.  Untersuchungen  Uber  die  Ganglienk5rper  des  Nervus  sym- 
pathicus.    Arch.  f.  mikr.  Anat.,  Bonn,  Bd.  x,  1874,  S.  208-241. 

t  Key,  E.  A.  H.  and  G.  Retzius.  Studien  in  der  Anatomie  des  Nervensys- 
tems  und  des  Bindegcwebes,  4to,  Stockholm,  1876. 

X  Flemming,  W.  Beitrfige  zur  Anat.  a.  Embryol.  als  Festgabe  fQr  J. 
Henle.  1882,  Bonn,  S.  12.  In  this  article  the  previous  bibliography  is 
thoroughly  reviewed.  Cf.  also,  Ueber  den  Bau  der  Spinalganglienzellen  bei 
Sftugethieren,  und  Bemerknngen  dber  den  der  centralen  Zellen.  Arch,  f .  mikr. 
Anat.,  Bonn,  1895,  Bd.  xlvi,  S.  379-394,  and  Die  Structur  der  Spinalganglieo- 
zellen  bei  S&ugetieren.  Arch.  f.  Psychiat.  u.  Nervenkr.,  Berl.,  Bd.  xxix  (1897), 
H.  3,  S.  969-974. 

*  Miiller,  Erik.  Untersuchungen  Uber  den  Bau  der  SpinalgangliezL 
Nonl.  Med.  Ark.,  Stockholm,  1891,  n.  F.,  i,  1-55. 


THE  INTERNAL  MOaPHOLOGY  OF  NEURONES.   105 

pnblished  two  other  artioles  •  in  which  he  warmly  supports  the 
doctrine  that  fibrils  exist  inside  the  nerve-cell  protoplasm  In 
Fig.  63,  taken  from  one  of  these,  the  fibrils  are  pictured 
Kronthal  and  Dogiel  have  ^ 

also  expressed  themselves  in 
favor  of  the  view  of  a  fibnl 
lary  structure  for  certain  at 
least  of  the  nerve  cells 
Since    ItjSS    there 
been  in  certain  quarters  a   i 
lively  reaction  against  this 
view,  Nissl,   of    Frankfort 
(now   of  Heidelberg)    a 
Ton    Lenhossek,  of   W  u 
bnrg,  representing  its  most 
vigorous  opponents.  In  that 
year    Xissl    published    the 
first  of  a  series  of  articles  f 
in  which  he  laid  stress  upon 
the  appearances  to  be  made 
out  in  tisBues  hardened  in 
alcohol  and  stained  in  basic 
anilines,   such  as  magenta 
red     and   methylene   blue,  ' 
Although     the     structures 
described  by  Nissl  had  been 
observed  earlier  by   Flem- 
ming  and  by  Benda,  it  was 
through    the   introduction 
of  NiBsl's  methods,  which 
bring  them  especially  well 
into  view,  that  their  arrangement  in  the  protoplasm  and  their 
significance  for  the  function  of  the  cell  could  first  be  studied. 

•  Flemroing,  W,  TJeber  die  Stniktur  centraler  NervenMllen  bei  Wir- 
beltieren.     AnaL  Hefte.  I.  Abth..  19.  Heft  (Bd.  vi.  H.  8). 

t  The  principul  coDtributions  of  Fnttiz  Nissl  concernin|[  the  structure  of 
nerve  cells  are  the  following ;  Ueber  die  IJntersuchungsmethoden  der  GroM- 
himrinde.  Tbgebl.  d.  56.  Vers»mm).  deutsch.  Nsturf.  u.  Aerate  in  Strassburg 
(1S35),  S.  50e.~Ueber  den  ZusammGnhaiig  von  Zellstnictur  und  Zellfunclion 
in  der  centralen  Nervenzelle.  T«gebl.  d.  61.  Versamrai.  deutsch.  Naturl.  u, 
Aente  in  Kfltn  (1888). — Die  Kcme  dea  Thalamus  t)eim  Kaninchen.  Tagebl. 
der  VS.  Veraamml.  deutsch.  Naturt  u.  Aerzte  in  Heidelberg  (I860).— Ueber 


■■lo  63  — Nerve  cell  timn  the  repon  of  the 
ventral  culumn  of  K™y  matter  of  the 
spiiial  cord  of  Gada*.  Sublimate  fixation  ; 
hsmatoxylin  stain ing.  (After  Flvm- 
ininK. )  The  anonc  is  seen  coming  off  from 
the  lower  end  of  the  i:ell.  In  the  aione 
and  at  its  origin  in  the  cell  body  a  fibril- 
lary appearance  is  seen.  In  the  Interior 
of  the  cell  body  the  spindlc-shnped  granu. 
lar  masses  aru  deeply  staini^d,  while  be- 
tween them  are  Flcniming's  fibrils,  cut 
generally  obliquely  or  transveracly. 
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NissFs  early  methods  consisted  of  staining  tissues  hardened  in 
alcohol  with  Magenta  red  or  methylene  blue  and  clearing  in  oil  of 
origanum.  The  method  has  undergone  several  modifications,  the 
most  recent  of  which  will  be  given  here,  inasmuch  as  it  does  not 
seem  to  be  so  generally  known  as  it  should  be.  In  an  article  *  pub- 
lished in  1894  Nissl  describes  it  as  follows :  Small  blocks  of  tissue 
are  hardened  in  ninety-six  per  cent  alcohol  and  fastened  by  Wei- 
gert^s  method  with  gum  arabic  without  imbedding.  The  sections 
are  received  in  ninety-six  per  cent  alcohol  and  stained  in  a  watch 
glass.  The  stain  is  to  be  heated  over,  the  spirit  flame  until  small 
bubbles  arise  which  make  a  crackling  noise  (65® — 70°  C) ;  sections 
are  then  transferred  to  aniline-oil  alcohol  until  differentiated.  The 
process  of  differentiation  is  ended  when  no  more  coarse  clouds  of 
color  go  off  into  the  fluid.  The  section  is  then  transferred  to  the 
slide,  dried  with  filter  paper,  after  which  some  drops  of  oil  of  caje- 

die  Veranderungen  der  Nervenzellen  am  Facialiskern  des  Kaninchens  nach 
Ausreissung  des  Nerven.    Allg.  Ztschr.  f.  Psychiat.,  etc.,  Berl.,  Bd.  xlviii 
<1891- 92),  S.  197. — Ueber  experimentell  erzeugte  Veranderungen  an  den  Vor- 
derbornzellen  des  RUckeninarkps  bei  Kaninchen  mit  Demonstration  mikro- 
skopiscber  Prftparat«.     Allg.  Ztschr.  f.  Psychiat,  etc.,  Berl.,  Bd.  xlviii  (1891- 
'92),  S.  675-682. — Mittheilungen   zur  Anatomie  der  Nervenzellen.     Allg. 
Ztschr.  f.  Psychiat.,  etc.,  Berl.,  Bd.  1  (1893).— Ueber  Rosin's  neue  F4rbe- 
methode  des  gesammteu  Nervensystems  und  dessen  Bemerkungen  Qber 
Ganglienzellen.  Neurol.  Centralbl.,  Leipz.,  Bd.  xiii  (1894),  S.  98 ;  141. — Ueber 
eine  neue  Untersuchungsmethode  des  Centralorgans  speciell  zur  Feststellung 
der  Localisation  der  Nervenzellen.    Centralbl.  f.  Nervenh.  u.  Psychiat.,  Co- 
blenz  u.  Leipz.,  n.  P.,  Bd.  v  (1894),  S.  337-344 ;  also  in  Arch.  f.  Psychiat.,  Berl., 
1894,  Bd.  xxvi,  S.  597-612. — Ueber  die  sogenannten  Granula  der  Nervenzel- 
len. Neurol.  Centralbl.,  Leipz.,  Bd.  xiii  (1894), S.  676;  781 ;  810.— Mittheilungen 
aber  Karyokinese  im  centralen  Nervensystem.     Allg.  Ztschr.  f.  Psychiat, 
etc.,  Berl.,  Bd.  li,  1894,  S.  245.— Bemhard  von  Gudden*s  hirnanatoraische 
Experimentaluntersuuhungen.    Allg.  Ztschr.  f.  Psychiat.,  etc.,  Berl.,  Bd.  li, 
1894,  S.  527-549.— Der  gegenw&rtige  Stand    der    Nervenzellen- Anatomie 
nnd  Pathologic.    Centralbl.  f.  Nervenh.  u.  Psychiat.,  Coblenz  u.  Leipz.,  n. 
F.,  Bd.  vi  (1895),  S.  1-21.— Ueber  die  Nomenklatur  in  der  Nervenzellen- 
anatomie  und  ihre  nftchsten  Ziele.    Neurol.  Centralbl.,  Leipz.,  Bd.  xiv  (1895), 
S.  66 ;  104. — Mittheilungen  zur  pathologischen  Anatomie  der  Dementia  para- 
lytica.   Arch.  f.  Psychiat.,  Berl.,  Bd.,  xxviii,  1896,  S.  987-992.— Ueber  die 
Veranderungen  der  Nervenzellen  nach  experimentell  erzeugter  Vergiftung. 
Neurol.  Centralbl.,  Leipz.,  Bd.  xv  (1896),  S.  9.— Ueber  die  Ortlichen  Bauver- 
schiedenheiten  der  Hirnrinde.    Arch.  f.  Psychiat.,  Berl.,  Bd.  xxix,  1897.  S. 
1025-1027. — Die  Hypothese  der  specifischen  Nervenzellenfunction.    Allg. 
Ztschr.  f.  Psychiat.,  etc.,  Berl.,  Bd.  liv  (1897),  S.  1-107.— Ueber  Nervenzellen 
und  graue  Substanz.    MQnchen.  med.  Wchnschr.,  Bd.  xlv,  1898,  S.  988, 1083, 
1060. 

♦  Centralbl.  f.  Nervenh.  und  Psychiat.,  1894. 
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put  are  applied  and  the  sections  are  again  blotted  with  filter  paper. 
A  few  drops  of  benzine  are  poured  on,  then  some  benzine-colopho- 
nium,  and  the  slide  is  heated  until  all  the  benzine  gas  has  been 
driven  off. 

The  dye  is  made  as  follows  :  Methylene  blue  B.  pat.,  3.75  ;  Vene- 
tian soap,  1.75  ;  distilled  water  or  soft  water,  1,000.  The  differen- 
tiating fluid  has  the  following  composition :  Ten  parts  of  colorless 
aniline  oil  and  ninety  parts  of  ninety-six  per  cent  alcohol.  Nissl 
obtains  his  aniline  oil  directly  from  the  factory  at  Hochst,  and 
keeps  it  carefully  protected  from  the  light. 

The  benzine-colophonium  is  prepared  by  pouring  benzine  upon 
colophonium  (white  rosin)  and  allowing  it  to  stand  for  from 
twenty-four  to  thirty  hours.  The  fluid,  transparent  mass  which 
results  is  ready  for  use ;  the  desired  thickness  can  be  obtained 
either  by  the  addition  of  benzine  or  by  allowing  it  to  evaporate. 
In  mounting,  while  driving  off  the  benzine  gas,  the  material  may 
catch  fire,  but  if  the  flame  be  blown  out  immediately,  no  injury  is 
done,  and  the  alterations  produced  by  burning  are  quite  character- 
istic and  easily  recognizable. 

The  method  of  Xissl  permits  in  some  respects  of  a  very  ex- 
act morphological  analysis  of  the  bodies  and  nuclei  of  the  cells. 
His  method  of  elective  staining  distinguishes  within  the  cell 
bodies  always  two,  sometimes  three,  constituents  which  are 
sharply  separable  from  one  another  and  easily  recognizable. 
One  of  these  constituents  of  the  protoplasm  stains  intensely 
blue  by  his  method,  and  is  spoken  of  by  Xissl  as  the  stainable 
or  visible  formed  part  of  the  nerve  cell.*  The  second  con- 
stituent remains  entirely  unstained  and  is  spoken  of  by  Ijim  as 
the  unstainable — ^that  is,  the  visible  unformed  part  of  the  nerve- 
cell  body.  In  addition  to  these  two  constituents,  in  many  nerve 
cells  the  well-known  pigmentary  deposits  are  visible,  f     Leaving 

*  Nissl  says :  "  BruchstOcke  des  fftrbbaren,  id  esty  des  sichtbar  geformten 
Theiles  des  NervenzellenkSrpers."  Neurol.  Centralb.,  Leipz.,  Bd.  xiii  (1894), 
S.  676. 

f  The  substances  Tirhich  stain  black  with  osmic  acid  in  many  nerve  cells, 
well  known  to  all  who  have  employed  the  method  of  Marchi  in  the  study  of 
human  nerve  centres,  have  recently  been  made  the  object  of  especial  re- 
search by  Rosin.  C/.  Rosin,  H.  Ein  Beitrag  zur  Lehre  vora  Bau  der 
Oanglienzellen.  Deutsche  med.  Wchnschr.,  Leipz.  u.  Berl.,  Bd.  xxii,  1896, 
S.  495-497.  Similar  structures  are  abundant  in  the  ganglion  cells  of  the 
monkey,  as  I  can  assert  from  specimens  shown  to  me  by  Dr.  Melius. 
This  pigment  appears  as  light  yellowish  masses  in  the  large  motor  celb^  of 
the  ventral  horns  of  the  spinal  cord  and  in  the  motor  nuclei  of  the  me- 
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the  pigment  for  the  time  being  out  of  consideration,  much  is  to 
be  learned  from  a  study  of  the  characters  of  the  stainable  portion 
and  its  relation  to  the  non-stainable  portion  of  the  cell  body  in 
different  cells  in  various  parts  of  the  central  nervous  system, 
and  upon  such  studies  Nissl  has  built  up  an  elaborate  classifio^ 
tion  of  nerve  cells.  This  will  be  referred  to  in  the  next  chap- 
ter. Any  one  who  takes  the  trouble  to  use  Xissl's  method  in 
the  way  that  he  has  directed  can  easily  convince  himself  of  the 
reliability  of  his  descriptions.  The  stainable  portions  in  the 
nerve  cells  show  a  series  of  different  forms ;  smaller  and  larger 
granules  of  regular  or  irregular  shape,  groups  of  granules,  and 
rows  of  granules  can  be  made  out.  Often  the  stainable  masses 
are  arranged  in  threads,  sometimes  smooth,  sometimes  rough, 
and  varying  in  thickness,  course,  and  length.  Often  larger 
structures,  regularly  or  irregularly  shaped,  are  to  be  seen,  which 
stain  with  varying  degrees  of  intensity.  Some  of  them  appear 
homogeneous ;  others  show  an  internal  constitution,  complex 
and  difficult  to  describe.  Of  the  larger  bodies,  three  varieties 
are  especially  noteworthy : 

(1)  The  so-called  nuclear  caps  {KernJcappen)^  stainable 
masses  which  possess  the  form  of  regular,  sometimes  of  irregu- 
lar cones,  each  hollowed  out  internally  like  a  cap,  correspond- 
ing to  one  pole  of  the  nucleus  upon  which  it  sits.  There  may 
be  two  of  these  nuclear  caps  within  one  cell  body,  correspond- 

dulla ;  in  the  pyramidal  cells  of  Betz  in  the  cerebral  cortex ;  in  the  cells  of 
the  nucleus  dorsal  is  and  in  other  parts  of  the  central  nervous  system.  Curi- 
ously enough,  when  the  pigment  is  present  in  masses  in  the  nerve  cell  the 
tigroid  aggregations  appear  to  be  absent  from  a  portion  of  the  protoplasm  in 
which  the  pigment  is  situated.  The  pigment  here  described  is  not  identical 
with  that  of  the  locus  coeruleus,  the  substantia  nigra,  the  substantia  ferruginea» 
eto.  The  relation  of  the  substance  or  substances  here  concerned  to  what  we 
have  been  accustomed  to  look  upon  as  pigmentary  deposits  should  be  fur- 
ther investigated.  Rosin  believes  that  the  pigmentary  substance  is  allied 
to  fat.  It  not  only  stains  black  with  osmic  acid,  but  if  the  tissue  be  previ- 
ouslv  treated  with  alcohol  and  ether  the  osmic  reaction,  it  is  said,  is  not 
obtainable.  Acetic  acid  has  no  effect  upon  the  reaction.  According  to  Piicz, 
Obersteiner,  and  others,  the  light  yellow  pigment  appears  at  different  peri- 
ods of  life  in  different  nerve  cells ;  thus  in  the  cells  of  the  spinal  ganglia  it 
is  first  found  at  the  sixth  year,  while  in  the  spinal  cord  it  appears  first  at  the 
eighth  year  of  life.  As  age  advances  the  amount  of  pigment  in  the  uertt 
cells  gradually  increases,  a  fact  entirely  consonant  with  the  idea  that  the 
pigment  is  a  result  of  catabolic  metabolism.  Van  Gieson  refers  to  the  pig^ 
ment  as  '*  metaplasm  granules." 


THE  INTERNAL  MORPHOLOGY  OP  NEURONES.        109 

log  to  two  opposite  nuclear  poles,  and  occaaionally,  according 
to  Xisel,  cells  are  seen  iu  which  three  such  eapa  are  present. 

(3)  Sfrcalled  wedges  of  division  (  V'erztBeiffuttgskeffeln),Bt&in- 
able  masses  which  fill  completely  the  angle  at  the  point  of  divi- 
flion  of  a  nerve-cell  process. 

(3)  Spindles,  oblong  or  spindle-shaped  stainable  masses  which 
are  thick  in  the  middle  and  become  thinner  toward  the  end, 
occasionally  running  out  into  threadlike  forms.  One-sided  and 
doubl&«ided  spindles  exist. 

Any  one  of  these  forms  may  be  vacuolated,  as  has  been 
pointed  out  by  Nissl,  von  Lenfaoss^k,  Held,  and  others. 

Von  Leiibossck,  who  has  also  strongly  opposed  the  idea  of  a 
fibrillary  structure  for  nerve  cells,  has  in  the  second  edition  of 
Ms  book  *  given  na  a  very  accurate  description  of  the  appear- 


'jk  *  'it 


§   1    \ 


ances  within  the  cells  of  the  ventral  horn  and  the  cells  of  the 
spinal  ganglia.  Ventral  horn  cells,  examined  fresh  or  in  an  in- 
different fluid,  show  little  if  any  structure.  The  protoplasm  is 
seen  aa  a  smooth,  glistening,  indistinctly  granular  substance  in 

*  voD   Iienhoss^k,  M.     Der  feinere  Bau  dea  Nervensjsteras  im  Lichte 
neoester  Forschungen,  2te  Aufl.,  Berlin,  189S. 
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wliich  sometimes  a  slight  concentric  arrangement  and,  in  the 
region  of  the  processes,  an  indistinct  longitudinal  striation  can 
be  made  out.  The  yellowish  granular  pigment  is  very  evident 
in  the  fresh  cells.  As  a  staining  method,  von  Lenhossek  has 
found  that  thionin  (Fig.  64)  yields  results  as  good  as,  if  not  better 
than,  those  obtained  with  methylene  blue,  and  my  own  experi- 
ments with  this  dye  have  been  equally  satisfactory,  though  in 
my  experience  crystalline  deposits  have  been  more  frequent  in 
preparations  stained  with'  thionin  than  in  those  stained  with 
methylene  blue.  Von  Lenhossek  very  properly  objects  to  the 
term  "  granules  "  for  the  stainable  substance,  the  masses  ordi- 
narily referred  to  being  much  too  coarse  to  be  so  designated.  He 
has  pointed  out,  further,  the  differences  in  appearance  dependent 
upon  thickness  of  section  and  upon  whether  the  median  or  tan- 
gential be  the  mode  of  sectioning  employed.  He  has  described 
the  differences  in  size  and  concentration  of  the  stainable  masses  in 
different  animal  species,  and  states  that  the  chromophile  masses 
are  especially  coarse,  both  relatively  and  absolutely,  in  the  ven- 
tral-horn cells  of  the  rabbit.  He  has  laid  stress  upon  the  dif- 
ferences in  appearance  in  the  different  parts  of  the  cell ;  thus, 
the  arrangement  in  the  centre  is  often  quite  different  from  that 
visible  at  the  periphery  of  the  cell  body,  and  the  stainable 
masses  in  the  dendrites  again  show  different  characters.  He 
has  further  pointed  out  differences  in  internal  character  be- 
tween the  typically  stellate-shaped  cells  of  the  ventral  horns  and 
the  oval  elements  which  are  met  with  there,  and  attributes  the 
differences  in  shape  of  the  "chromophile  corpuscles,"  as  he 
calls  the  masses  of  stainable  substance,*  to  developmental  rela- 

*  The  stainable  substance  of  Nissl  has  recently  been  designated  "  tigroid** 
(from  the  Greek  word  rr/pociS^r,  spotted)  by  von  Lenhossek,  in  an  article 
entitled  Ueber  Nervenzellenstructiiren.  Verhandl.  d.  anat.  Gesellsch.,  Jena, 
1896,  Bd.  X,  S.  15-21.  Van  Gieson  in  his  publications  refers  to  it  as  the 
"collagenous  substance."  In  his  article  in  the  MQnchener  medicinische 
Wochenschrift  of  August,  1898,  Nissl  urges  that  a  whole  series  of  different 
substances  which  behave  differently  both  morphologically  and  tinctoriallr 
in  the  "  equivalent  picture  "  are  represented  by  what  he  calls  the  "  stainable 
substance.**  He  thinks  it  very  wrong  that  these  should  be  thrown  all  to- 
gether and  designated  either  "  NissFs  substance  **  or  "  tigroid  substance.'* 
He  is  willing,  however,  that  the  stainable  substance  of  the  motor  nerve  cells 
be  called  "  Nisslsubstanz,**  and  that  that  of  the  spinal  ganglion  cells  be  re- 
ferred to  as  **  TigroidkOrper.**  Until,  however,  we  know  more  about  the 
substances  in  the  neurones  which  stain  blue  by  the  method  of  Nissl  we  need 
trouble  ourselves  but  little  with  regard  to  such  refinements  of  terminology* 
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tions.  De  Quervain  *  has  suggested  that  all  the  chromophile 
bodies  represent  multiples  of  fine  granules,  and  von  Lenhossek 
admits  that  the  bodies  are  rarely  limited  by  a  sharp  line,  but 
that  they,  as  a  rule,  show  irregular,  often  jagged,  margins,  and 
often  look  at  their  borders  as  though  they  were  broken  up  into 
small  granules.  He  refuses  to  admit,  however,  that  all  such 
bodies  represent  aggregations  of  minute  granules,  a  point  about 
which  more  will  be  said  when  the  work  of  Held  is  discussed. 
Von  Lenhossek  has  studied  with  care  the  relations  of  the  Nissl 
bodies  in  the  dendrites,  and  finds  that  from  always  being  few  in 
number  they  cease  to  appear  at  a  certain  distance  from  the  cell 
body,  and  as  soon  as  the  dendrite  has  reached  a  certain  thin- 
ness. In  the  dendrites,  their  shape  and  general  appearance  are 
quite  different  from  those  of  the  interior  of  the  cell  body ;  they 
form  long,  narrow,  straight,  rod-shaped  masses,  often  sharpened 
distinctly  at  the  ends,  so  as  to  form  definite  spindles  the  long 
axes  of  which  are  parallel  to  that  of  the  process.  The  vari- 
cosities on  the  dendrites  in  Golgi  preparations  von  Lenhossek 
holds  to  be  due  to  superficial  collections  of  chromophile  sub- 
stance, f  His  description  of  the  origin  of  the  axone  is  particu- 
larly clear  and  accurate. 

Schaffer  J  was  the  first  to  describe  the  peculiar  behavior  of 
the  axone  and  the  adjacent  portion  of  the  cell  body  as  regards 
XissPs  staining.  The  axone  itself,  unlike  the  dendrites,  is  en- 
tirely free  from  the  stainable  substance  of  Nissl,  as  is  also  the 
portion  of  the  cell  body  immediately  adjacent,  known  as  the 
axone  hillock.  This  hillock  is  marked  off  by  a  tolerably  sharp 
curved  plane  from  the  granular  protoplasm  of  the  cell  body, 
and  shows  at  its  margin  not  infrequently  a  layer  of  especially 
fine  granules.  With  KronthaFs  method,  the  axone  and  axone 
hillock  stain  intensely  in  methylene  blue,  very  much  as  in  the 
vital  staining  of  Ehrlich.  But  Benda  found  that  when  specimens 
thus  prepared  were  cleared  in  creosote  the  axone  and  axone  hill- 

♦  De  Quervain.  Fritz.  Ueber  die  Vei-finderungen  des  Centi-alnervensys- 
tems  bei  ezperi  men  teller  Kachezia  thyreopriva  der  Thiere.  Arch.  f.  path. 
Anat.,  etc.,  Berl.,  Bd.  czxxiii  (1893),  S.  481. 

t  The  writer  has  frequently  observed  varicosities  in  the  course  of  th& 
dendrites  in  pathological  tissues,  and  in  those  there  appears  always  to  be  an 
aocamulation  of  the  tigroid  masses. 

X  Schaffer,  K.  Kurze  Anmerkung  Uber  die  morphologische  Different 
des  Azencylinders  im  VerhSltnisse  zu  den  protoplasmatischen  Forts&tzea 
bei  Nissl's  F&rbung.    Neurol.  Centralbl,  Leipz.,  Bd.  xii,  1893,  S.  849-851. 
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oek  lost  their  color,  and  odIt  the  stainMble  substance  of  Nied 
retaiined  the  dye  in  the  cell  body  and  the  dendrites.  Benda^ 
makes  one  exception  to  this  statement.  In  the  basal  ax<N!ies  of 
the  pjTamidal  cells  of  the  cerebrum^  especiaDj  of  those  known 
as  the  giant  pTramidal  cells  of  Betz,  the  collaterals  which  come 
oil  at  right  angles  are  Tisible  when  the  preparations  are  stained 
by  Benda^s  methylene-blne  metlMML  Just  at  the  beginning  of 
the  collateral,  a  small  wedge^haped  granule,  in  section  triango- 
lar«  takes  up  the  methylene  blue,  the  axone  itself  remainiiig 
quite  unstaiaable.  I  hare  met  with  this  obserration  nowhere 
else  in  the  bibliography. 

Von  Lenhot>sek  has  not  been  able  to  make  oot  definite  fibrik 
in  the  cell  body,  and  one  gains  the  impres^on  that  he  disbe- 
lieves in  their  existence.  He  has  taken  the  trouble  to  stain  the 
cells  of  the  brain  of  the  torpedo,  the  object  of  Max  Schultie's 
classical  description^  by  ^issi*s  method,  and  denies  the  existence 
of  Hbrds  in  them. 

In  Im  study  of  the  spinal  ganglion  cells^  von  Lenhossek 
used  specimens  from  the  ox  (Fig.  65)  as  well  as  hnnuui  tissues. 

In  the  fresh  cells^  teased  without  the  ac- 


K:.      ....  :    X  ^^^^  ^^  reagents  under  high   powers^  he 

^:r^C'i'^'^:'-^  could  make  out  a  distinct,  finelv  srranuLir 

#:^^|^^'^^^5^^  consistence,  the  granules  being  closely  and 

[^f '^"    %  :;-,\^;?^r^  evenly  arranged    throughout  the   whole 

:.  i::*^  »     r     vv:  ,....v/:.:.  ^1^     He  could  not  decide,  however,  from 

the  fresh  tissue  whether  he  had  to  deal 
with  actual  granules  or  with    the   optic 
svi^v^^'      appearances  of  threads.     In  Xissl  prepa- 
'^^^ii-i^Jr^^"'^  rations,  however,  and  in  specimens  stained 

Fig.  as.— spinal  {^anjciioa   ^  thiouin  the  cell  appeared  nearly  always 
evil  fn,m  the  •»^  ;a}ow-  ^o  consist  of  two  distinct  lavers— an  inter- 

lUg  clear  s|jtu-i's  (     V  »ie#4-  ^  -  ^ 

oien'').    Ma^jeiita  stain-  nal  perinuclear  laver,  which  stained  deep- 
hobsck.)  ly  m  the  basic  dye,  and  a  peripheral  layer 

of  lighter  color,  the  two  layers  passing 
gradually  over  into  one  another,  although  occasionally  a  sharp 
separation  between  the  dark  endoplasmatic  and  a  lighter  ecto- 
plasmatic  zone  could  be  niaile  out.  Von  Lenhossek  could  not 
find  in  the  ox  the  concentric  arrangement  of  the  granules  de- 


♦  Heada,   C.     Ueber  die    Bedeuturi^  der  dureh   basi:jclie   Aniiinf»rben 
darstellbaren  Nervunztvlktruciunsu.    Neurol.  Centmlbi.,  Leipz.,  Bd.  xiv,  I^Sfik 
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scribed  by  Nissl  in  human  spinal  ganglion  cells,  at  least  in  the 
majority  of  celle.  He  noticed  the  uneven  size  of  the  atainable 
masses  and  their  arrangement  into  a  networklike  appearance,  as 
described  by  other  authors.  In  some  cells  of  the  spinal  ganglia 
Ton  LenhossL'k  found,  in  accordance  with  Flemming's  observa- 
tions, granules  which  are  much  coarser  than  those  ordinarily 
seen  in  such  cells,  but  he  does  not  think  a  classification  into 
coarsely  granular  and  finely  granular  cells  is  desirable,  inasmuch 
as  both  kinds  lie  everywhere  intermingled  and  there  appears  to 
be  no  local  connection  between  the  extent  of  the  cell  and  the 
size  of  its  granules.  Generally  speaking,  the  coarser  granulutioa 
is  seen  in  the  smaller  cells,  the  large  cells  having  always  a  finely 
granular  structure,  appearances  which  contrast  strongly  with 
those  met  with  in  the  cells  of  the  ventral  horn.  Von  Leiihossek 
describes  at  some  length  what  every  one  who  has  studied  the 
spinal  ganglia  mast  be  acquainted  with — namely,  the  pres- 
ence of  clear  areas  in  the  protoplasm  of  some  of  the  cells. 
These  areas  are  to  be  found,  as  a  rule,  in  the  peripheral  portion 
of  the  cell,  sometimes  as  many  as  three  or  four  being  present  in 
a  single  cell.  They  are  spherical  or  elliptical  in  shape,  often 
larger  than  the   nucleus,  and  do  not  represent  strnctureless 


Tta.  86.— .Spinal  Ksnclion  cell  of  Rann  tTalfibiaiia.  (After  Hnbcr. )  A  aide  fibril, 
a.  18  U)  be  men  ilividinK  into  three  bisnchm,  each  of  which  tf  nninaten  in  an 
rnd  diac  ;  the  rlmr  zone  iif  pnitoplaniu,  b,  benvuth  two  of  the  dims  Is  hIhiwd 

spaces  filled  only  with  fluid,  but  contain  normal  ground  sub- 
stance, and  besides  often  show  in  their  interior  a  few  granules 
widely  separated  from  one  another.     The  exact  nature  of  these 
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T&cuole-like  spots  is  as  yet  not  clear.  It  is  not  impossible  tluit 
some  of  them  correspond  to  the  position  of  terminal  end  discs 
of  side  fibrils  coming  off  from  the  axone  and  running  back  to 
the  cell  body,  such  as  have  been  described  by  Huber,  of  Ann 
Arbor,*  in  the  spinal  ganglion  cells  of  the  frog  (Fig.  66).  He 
states  that  there  is  usually  found  a  clear  zone  of  protoplasm 
surrounding  the  expanded  end  of  the  processes. 

*  Huber,  G.  Carl.    The  Spinal  Ganglia  of  Amphibia.    Anat.  Anz.,  Jena, 
Bd.  xii,  1896,  No.  18,  S.  417-425. 
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CHAPTER  XI. 

VARIETIES     OP     NERVE     CELLS     DISTINGUISHABLE     BY     NISSL'S 

METHOD. 

Classifications  of  neurones  based  upon  NissVs  staining  method — Somato- 
chrome,  cytochrome,  and  caryochrome  nerve  cells — ^Arkyochrome, 
stichochrome,  arkyostichochrome,  and  gryochrome  nerve  cells — Objec- 
tions to  NissFs  classification — Pycnomorphous,  apycnomorphous,  and 
parapycnomorphous  conditions — Chromophile  cells. 

NissL  has  spent  several  years  in  the  most  exact  investi- 
gations of  the  nerve  cells  in  the  different  parts  of  the  nerve 
centres  of  man  and  animals,  and  has  come  to  the  conclusion 
that  definite  types  or  varieties  of  nerve  cells  exist,  varieties 
which  are  constant  not  only  in  the  same  animal,  but  often  exist 
characteristically  in  homologous  localities  in  a  whole  series  of 
animals.  He  has  had  some  difficulty  in  finding  suitable  desig- 
nations for  these  types  of  nerve  cells.  In  the  present  state  of 
our  knowledge,  a  nomenclature  based  upon  function,  except, 
perhaps,  for  a  few  cell  categories,  is  not  justifiable,  and  Nissl 
has  been  compelled  to  classify  the  cells  according  to  their  mor- 
phological characteristics.  According  to  him,  all  the  cells  in 
the  nerve  centres,  except  the  so-called  chromophile  nerve  cells, 
can  be  divided  into  two  main  classes. 

The  first  group  includes  the  nerve  cells  which  possess  a 
well-marked  cell  body  which  surrounds  the  nucleus  completely 
on  all  sides,  the  protoplasm  having  a  distinct  contour.  These 
cells  Nissl  calls  somatochrome  nerve  cells. 

To  the  second  group  (subdivided  into  two  groups — cyto- 
chrome and  caryochrome)  belong  those  cells  in  which  in  Nissl 
preparations  the  nucleus  is  most  in  evidence ;  the  nucleus  has 
a  clear  contour,  but  only  indications,  as  it  were,  of  the  cell  body 
are  present,  an  appearance  due  either  to  scanty  development  of 
the  cell  body  or  to  the  predominance  in  it  of  the  unstainable 
substance.  These  cells  often  look  as  if  they  were  naked  nuclei, 
though  by  Golgi's  method  it  can  be  shown  that  they  may  pos- 
sess definite  axones  and  dendrites.    In  some  of  these  cells  the 

115 


116  THE  NERVOUS  SYSTEM. 

stainable  substance  may  be  preeeut,  tbougb  when  it  is,  it  is  Terj 
unevenly  distributed,  being  collected  at  definite  points  in  the 
ceil,  tbe  nucleus  apparently  being  only  partly  sarrounded  bj 
protoplasm.  Such  cells  are  to  be  seen  in  the  substantia  gela- 
tinosa  of  Bolando.  Niasl  suggests  that  the  nerve  cells  with  aa 
ill-developed  cell  body,  in  which  the  nucleus  appears  to  be  in- 
completely surrounded  and  does  not  exceed  in  size  the  nucleiis 
of  a  neuroglia  cell  or  of  an  ordinary  leucocjrte,  be  called  "gran- 
ules "  (Korner)  or  cylochrome  nerve  cells.  These  cells  are  present 
in  great  numbers  in  the  granular  layer  of  the  cerebellum.  There 
are  different  varieties  of  these  cytochrome  cells,  those  in  tbe 


i/^ 


cerebral  cortej,  those  in  the  cerebellar  cortex,  and  those  in  the 
olfactory  bulb,  for  example,  being  by  no  means  identical. 

The  second  subgroup  of  cells  in  which  the  cell  body  is  onl/ 
indicated,  but  in  which  the  stained  nucleus  is  of  the  size  of 
that  of  an  ordinary  nerve  cell,  or  at  any  rate  is  larger  than  that 
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of  a  neuroglia  cell,  Nissl  calls  caryochrume  nerve  cells.  Of 
thene  there  are  also  distinct  varieties — for  example,  those  of 
the  Bubetantia  gelatinosa  of  the  spinal  cord,  and  those  of  the 


Flii.  68. — Ncrvr  rvW  fntta  dnrml  nui'li'iu  of  proximal  p 
(AnrrNJNd.)     »>nuiluchruiuc  uiTVc  <:elt  of  ciutrh 

ganglion  habenulffi — types  which  for  the  present  are  designated 
simply  by  letters  of  the  (ireek  alphabet. 

The  majority  of  the  nerve  cells,  however,  fall  in  the  first 
groni) — that  of  the  sovmtockrome  cells — where  the  cell  body,  if 
we  judge  solely  from  its  morphology,  has  apparently  far  greater 
relative  importance  than  the  nucleus.  But  this  group  containF 
a  series  of  types  of  nerve  cells  which  are  distinguishable  from 
one  another  in  part  through  differences  in  the  nuclei,  but 
mainly  through  different  relations  of  the  stainable  and  un- 
stainable  constituents  of  the  cell  body.  Nissl  divides  the  so- 
matochrome  cells  into  four  great  groups :  the  arhyochrome,  the 
gfichnchrome^  the  arkyosltchoc/irome,  and  the  yryonhrome  nerve 
cells.  In  the  arkyochrome  nerve  cells  the  stainable  portion  of 
the  cell  body  appears  in  Nissl  preparations  in  the  form  of  a 
network  (apicw).  The  branches  of  this  network  appear  to  be 
distinctly  connected,  but  Nissl  notes  that  in  many  of  the  cells 
in  this  group  there  can  be  made  out  processes  into  which  the 
distinct  network  of  the  perinuclear  part  of  the  cell  body  can  go 
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over,  80  SB  to  form  a  parallel-etriped  arrangement.  As  a  sam- 
ple of  cells  belonging  to  this  group,  Kissl  pictures  an  arkyo- 
chrome  olfactory  cell  (Fig.  67).  Among  the  arkyochrome  nerre 
cells,  Kisal  further  distinguishes  enaricyochrame  Forms  from 
ampharkyochrome  forms.  The  former  show  the  stained  con- 
stituent arranged  in  the  form  of  a  network  which  differs  from 


— Motor  nerve  cell  fTuni  Tentntl  horn  atftay 

bit.    (After  NiHBl.)    Of  the  tliive  lower  pruvra 
■■■    ■         ■  sMBn.  dendril 


All  the  [>l 


<ruvetei«t.  the  middl 

- -     , jndriUa,     Thtnuii 

and  uf  the  manws  »r  Btainuble  subiitaiive  nppcBr  too  Hharp 
tiun.  At  the  an^le  of  the  diviBinn  of  the  largi^  dendrite  ut 
SHRle  of  the  coll  la  shown  one  of  the  "wedgot  of  division 
ktgrlH).  The  spindlc-ahaued  Nitml  hodlui  are  well  idinwn.  i 
dcndritCH.  Thin  cell  Ih  cbHsed  by  Niwl  an  a  stiuhoehrume  n 
apyltnoiDuriihiiuit  condition. 


iiiHl  cord  of  nb- 

tinsuf  therelb 
n  the  reprodiip- 

ihe  lefl  Miperior 


the  network  in  the  amph arkyochrome  cells,  in  which  the  in- 
tensely stained  radiating  nodal  points  of  the  network  are  con- 
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nected  in  the  cell  body  by  deeply  atained  very  thick  bridges, 
BO  that  a  further  connected  network  of  very  deeply  stainable 
substance  is  obserrable.  Both  enarkyochrome  and  amphar- 
kyochrome  cells  are,  according  to  Kieal,  widely  distrlbutDd 
throughout  the  central  nervous  system.  The  former  occur  in 
the  spinal  cord,  but  are  moBt  numerous  in  the  large  dorsal 
nucleus  at  the  proximal  end  of  the  medulla  (Fig.  68). 


•^ 


FlO.  70.  FiQ.  71. 

Fio.  70. — lArgecell  rrnm  Ammoa'Bborn  uf  rabbit.  (After  Niwil,)  flomBtochroine 
nerve  i:cll  of  Btichochrume  variety  in  the  pykuomorphoug  cnuditloii. 

PlO.  71. — Nerve  cell  from  ganglion  on  dotsal  rout  of  a  cervical  nerve  Ufa  rabbit, 
(.^fler  NiHBl.)  Stichochnimo  nerve  cell  in  apyknomnrphnas  cundition.  Two 
large  nncleoliare  shown  within  the  nucluUB.  The  a  none  at  the  uiiperendaf 
the  cell  iB  Been  tu  contain  nune  of  the  stainable  substance  of  Nissl. 

In  the  second  main  group  of  somatochrome  nerve  cells,  the 
etichochrome  cells  (trrixot),  the  stainable  substance  is  arranged 
in  the  form  of  stris  which  run  in  the  same  direction  and  usu- 
ally parallel  with  the  contour  otthe  cell  body,  in  part  also  with 
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the  surface  of  the  nucleus.  These  striae,  as  a  rule,  are  not  con- 
tinuous fibrils,  but  the  striated  arrangement  is  dependent  in  the 
main  upon  different  stained  elements,  threads,  spindles,  and 
granules,  more  or  less  isolated  and  in  rows.  These  various  ele- 
ments, without  being  directly  con- 
tinuous, arrange  themselves  in  rows 
running  in  the  same  direction 
within  the  cell  body.  Occasionally, 
in  this  group  of  nerve  cells,  there 
occur  examples  in  which  here  and 
there  a  thread  or  a  row  of  granules 
assumes  a  direction  opposite  to  that 
of  the  general  striation,  an  appear- 
ance, however,  which  would  not 
prevent  the  cell  from  being  included 
in  this  category.  So  far;  Xissl  has 
distinguished  four  types  of  sticho- 
chrome  cells,  represented  by  the 
nerve  cells  of  motor  nuclei  (Fig.  69), 
the  large  cells  of  Ammon's  horn 
(Fig.  70),  certain  cells  of  the  cere- 
bral cortex,  and  spinal  ganglion 
cells  (Fig.  71). 

The  third  group  of  somato- 
chrome  nerve  cells  includes  those 
of  the  so-called  arkyostichochrome 
type,  in  which  the  striated  appear- 
ance is  united  with  a  networklike 
structural  character  in  the  most  in- 
timate manner,  so  that  one  can 
not  decide  which  mode  of  arrange- 
ment of  the  stainable  substance  is 
most  characteristic  of  the  cell. 
Nissl  cites  as  a  typical  example  of 
Fio.  72— Purkiiye  cell  from  the  coUs  of  this  sort  the  Purkinje  celh 
cerebellar cortex^fthe^rabbit.    ^f  t^^  cerebellar  cortex  (Fig.  72).» 


(After  Ni88l.) 
nerve  cell  of  the  arkyosticho- 
chrome variety  in  the  apykno- 
morphouH  condition. 


Lastly,  as  a   fourth   group  of 
somatochrome    nerve   cells,    Nissl 


•  Nissl  in  a  recent  article  (Allg.  Ztschr.  fur  Psychiat,  Berl.,  Bd  lir 
(1897),  S.  101)  has  given  up  the  term  "  arkyostichochrome  "  and  includes  the 
cells  formerly  classed  in  the  arkyostichochrome  group  among  the  arkyo- 
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describes  the  giyochrome  (ypv)  type,  in  which  the  stainable 
constituent  of  the  cell  body  is  entirely  made  up  of  small  gran- 
ules. The  granules  are  not  distributed,  however,  at  random  in 
the  cell  body,  but  tend  to  form  threads  or  heaps,  so  that  a  dis- 
tinct habitus  can  be  attained.  Nissl  does  not  give  pictures  of 
cells  of  this  type,  but  mentions  that  they  are  particularly, 
though  not  exclusively,  found  in  the  corpus  striatum. 

The  whole  series  of  types  as  revealed  by  his  method  may  be 
classified  therefore  as  f ollo;ivs : 

Group  L  Somatochrome  Nerve  Cells. — Cells  in  which  the 
cytoplasm  surrounds  the  nucleus  completely  and  exhibits  a 
distinct  contour. 

A.  Arkyochrome  nerve  cells.  The  stainable  substance  in  the 
cytoplasm  appears  to  be  arranged  in  the  form  of  a  net- 
work. 

1.  Type  of  enarkyochrome  nerve  cells. 

2.  Type  of  ampharkyochrome  nerve  cells. 

3.  Type  of  arkyochrome  olfactory  nerve  cells,  etc. 

B.  Stichochrome  nerve  cells.  The  stainable  substance  in  the 
cytoplasm  is  arranged  in  the  form  of  stripes  running  in 
a  similar  direction. 

1.  Type  of  motor  nerve  cells, 

2.  Type  of  large  stichochrome  cells  of  Ammon's  horn. 

3.  Type  of  stichochrome  cells  seen  in  the  cerebral  cortex. 

4.  Type  of  nerve  cells  in  the  spinal  ganglia,  etc. 

C.  Arkyostichochrome  nerve  cells.  Of  these,  up  to  the  pres- 
ent, only  one  type  has  been  distinguished ;  this  would 
now  be  classed  by  Nissl  among  the  arkyochrome  cells. 

1.  Type  of  Purkinje  cells  of  the  cerebellar  cortex. 

D,  Gryochrome  nerve  cells. 

Group  II.   All  Nerve  Cells  not  falling  in  Group  I. 

A,  Cytochrome  nerve  cells.  Only  traces  of  a  cell  body  are 
present.  The  nucleus  is  of  the  size  of  the  nuclei  of 
ordinary  leucocytes, 

1.  Cytochrome  cells  of  Type  a. 

2.  Cytochrome  cells  of  Type  ^,  etc. 

chrome  cells.  By  far  the  majority  of  all  the  uerve  cells  in  the  body  fall  in 
the  arkyochrome  group. 
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B,  Caryochrome  nerve  cells.  Only  traces  of  a  cell  body  are 
present.  The  nucleus  is  of  the  size  of  ordinary  nerve, 
cell  nuclei,  and  is  in  every  case  larger  than  the  nuclei 
of  the  glia  cells. 

1,  Caryochrome  cells  of  Type  a. 

2.  Caryochrome  cells  of  Type  )8,  etc. 

It  is  Nissl's  belief  that  this  classification  will,  without  being 
forced,  include  all  nerve  cells  which  can  be  found,  although  it 
it  is  not  impossible  that  further  study  may  reveal  forms  which 
will  necessitate  an  extension  of  the  number  of  types.  He  lays 
stress  upon  the  fact  that  between  the  single  types  transitiomJ 
forms  exist,  sometimes  rendering  classification  difficult.  Benda 
has  urged  this  as  an  argument  against  the  existence  of  definite 
types,  but  without,  as  it  would  seem,  any  sufficient  proof.  The 
justification  of  the  classification  does  not  rest  solely  upon  the 
establishment  of  the  existence  of  the  single  types  of  cell  struc- 
ture, but  is  based  largely  upon  the  circumstance  that  cells  of 
a  wholly  definite  structure  are  situated  throughout  the  animal 
series  always  in  homologous  localities.  Any  one  who  will  take 
the  trouble  to  stain  nerve  cells  in  different  regions  in  differ- 
ent animals  will  be  able  to  convince  himself  not  only  of  the 
existence  of  definite  types,  but  of  their  predominance  in  certain 
localities,  and  I  can  give  no  better  advice  to  the  beginner  and 
to  the  doubting  than  that  he  study  the  regions  suggested  by 
Nissl  in  this  connection — ^namely,  the  ventral  and  dorsal  horns 
of  the  cord,  the  ganglion  cell  groups  in  the  thalamus  of  rodents, 
in  the  corpus  mammillare,  in  the  pons,  in  the  red  nucleus,  and 
in  the  nucleus  of  Deiters. 

This  elaborate  nomenclature  recommended  by  Nissl  must 
not,  however,  be  regarded  as  a  permanent  and  satisfactory 
method  of  designating  the  varieties  of  nerve  cells.  On  the 
contrary,  it  must  be  looked  upon  only  as  a  temporary  expedi- 
ent. If,  as  is  to  be  suspected,  too  much  stress  has  been  laid  by 
Nissl  upon  the  importance  of  his  "  stainable  substance,"  which 
we-  now  have  some  reason  to  believe  represents  only  a  portion 
of  the  supply  of  food  stuffs  in  the  nerve  cell,  such  a  classifi- 
cation can  scarcely  hope  to  stand  the  test  of  time.  It  would  be 
as  though  an  architect  should  attempt  to  classify  houses  ac- 
cording to  their  pantries  and  cellars,  or  an  anthropologist  to 
group  men  as  types  according  to  the  contents  of  their  stomachs 
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and  intestines — methods  of  cataloguing  useful  enough  at  times, 
perhaps,  but  scarcely  to  be  looked  upon  as  ideal  or  permanent. 

Nissl  early  pointed  out  that  the  single  types  of  nerve  cells 
may  under  certain  circumstances  show  different  staining  rela- 
tions ;  *  the  individual  members  of  a  given  group  of  cells  be- 
longing to  one  type  may  be  palely,  moderately,  or  intensely 
stained.  These  differences  appear  to  depend  upon  the  concen- 
tration of  the  stainable  substance  in  the  cell  body.  Nissl  con- 
sequently designates  the  extremely  darkly  stained  cells  as 
pyknomorphous  cells,  or  cells  in  which  the  stainable  portions  are 
arranged  relatively  most  closely  (irvicvds),  while  the  very  feebly 
stained  cells  he  names  apyknomorphous — that  is,  cells  in  which 
it  is  characteristic  of  the  staining  that  the  stainable  masses  are 
not  arranged  close  to  one  another,  but  are  tolerably  widely  sep- 
arated by  the  non-stainable  constituents  of  the  cell  body.  In- 
termediate stages  Nissl  groups  s,8  parapyknofnorphous.  Flesch  f 
described  these  appearances,  speaking  of  chromophilic  cells  and 
chromophobic  cells  as  well  as  transition  forms,  and  attributed  the 
differences  to  variations  in  the  internal  chemistry  of  the  cells, 
which  depended  in  part,  he  thought,  upon  differences  in  the  de- 
velopment, in  part  upon  differences  in  metabolism  or  of  function. 

Nissl  goes  further,  and  mentions  that  not  infrequently  the 
nucleus  shows  modifications  which  correspond  in  greater  or 
less  degree  to  the  staining  intensity  of  the  cell  body — ^f  or  exam- 
ple, in  the  apyknomorphous  cells  the  unstained  nuclear  juice 
is  relatively  more  abundant  than  in  the  pyknomorphous  exam- 
ples, in  which,  as  a  rule,  the  nuclear  framework  and  the  stainable 
parts  of  the  nucleus  generally  are  relatively  more  abundant. 
This  holds,  he  asserts,  not  only  for  the  somatochrome  cells, 
but  also,  though  in  less  degree,  for  the  caryochrome  and  cyto- 
chrome cells. 

A  curious  and  puzzling  phenomenon  is  met  with  in  the  so- 
caUed  chromophilel  nerve  cells  (Fig.   73).     One  sees  often, 

♦  Allg.  Ztschr.  f.  Psych iat.,  Berl.,  Bd.  I. 

t  Flesch,  M.  Ueber  die  Verschiedenheiten  ira  chemischen  Verhalten  der 
Nerrenzellen.  Mitth.  d.  naturf.  Gesellsch.  in  Bern  (1887),  Nr.  1169-1194,  S. 
192-199.    Bern,  P.  Haller,  1888. 

X  The  word  chromophile  is  here  used  in  the  sense  in  which  Nissl  employs 
the  term  Chromophilie  (Nissl,  Allg.  Ztschr.  f.  Psychiat.,  etc.,  Berl.  (1896),  Bd. 
Hi,  S.  8).  Whether  or  not  this  is  the  sense  in  which  the  word  is  employed 
by  Flesch  and  his  pupils  is  not  clear. 
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along  with  the  other  nerve  cell^.  single  cells  or  small  groape  o( 
I'elli-  ID  which  the  staiiiable  sab^tance  appears  to  be  evenii 
liiffnsed  throaghout  the  cell  botly,  so  that  it  i»  impiHsihle  ro 
ili^tingni^ih  a  stainable  from  an  anstainable  cuDHtituent  tu  the 
Cfll.  The  explanatioQ  of  the»e  forma  w  aa  yet  not  entirely 
sati^^faccory.  Waal  pointis  oat  that  they  are  always  relatively 
smaller  than  pvknomorphoiu  celh.     It  is  nearlv  alwavs  poseibk 


rui.  73.— N.rv. 


to  maki^  out  iu  alcohol  pre  pant  tiortij.  ae  I  have  hud  manv  oppor- 
tunities of  ybticrvirig,  that  at  the  periphery  of  the  sections 
chruiiiuphile  cells  tend  to  be  abundant,  and  there  is  no  donbi. 
iu  luy  uiind  at  least,  that  the  majority  of  these  correspond  to 
thtf  well-kiiowu  artefai^ts  which  are  ^  cooimon  in  the  periphery 
ut  ti.-wnt'pi  hartlened  iu  alcohol.  But  the  chnimophile  cells  are 
Hot  eutiivlv  evmtined  tw  the  periphery  of  the  sections :  they  may 
iK'ciir  (iiiigW  or  in  little  groups  in  almost  any  portion  of  the 
tiiwiu'i  it  hjw  Mvi-iaed  to  uie,  however,  that  even  then  the?  are 
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ore  abimdant  in  the  neigliborhood  of  the  blood-vesselH  or 
rger  tissue  interspaces,  and  it  is  not  impossible  that  in  these 
tuatioQs  they  may  represent  artefacts  due  to  the  action  of  the 
cohol.  Xiaal  himself  does  not  seem  entirely  clear  as  to  tlieir 
tture,  but  has  recently  expressed  himself  as  of  the  opinion 
lat  they  are  in  large  part  due  to  the  action  of  reagents  em* 
oyed,  although  he  does  not  deny  that  under  certain  circnm- 
ances  they  may  liave  a  pathological  significance.     For  the 


o,  71.— Motor  niTVe  ceil  fmm  the  vi'ntml  horn  of  the  Rniy  nutltT  of  the  apfnal 
ruril  of  the  dog.  Stainuil  by  HiUl'ii  inodia«ttion  of  Kissl'a  nKthud.  TliK 
tigroid  l)odi«i  arc  distinctly  ririble  in  the  probiplatni  of  the  wil  body,  mid 
fApevially  in  one  iif  the  dendritML  The  axoiic  in  not  shown.  The  bonl<-rH  of 
the  nncleiis  are  indistiiTut.  nwing  to  overlying  eylopUumi,  but  the  niiijtle, 
deeply  Htained  nucliwliu  ig  very  evident.  OwinK  lo  the  litnibi  iif  the  pliotii- 
graphic  method,  the  structures  at  only  one  focus  iihoir  clearly. 


■esent,  however,  inasmuch  as  they  vary  so  markedly  in  appear- 
ice  and  localization  that  no  normal  can  be  established  for 
lem,  he  suggests  that  in  the  study  of  pathological  alterations 
dy  those  observations  are  of  value  which  we  know  for  certain 
■  have  been  made  upon  cells  which  are  not  chromophile  cells. 
further  study  of  these  ap]>earauce8  is  urgently  needed,  and  it 
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is  to  be  hoped  that  ere  long  we  shall  have  a  clearer  conception 
regarding  their  significance. 

In  Fig.  74  is  shown  a  nerve  cell  from  the  spinal  cord  of  a 
dog.  The  photograph  which  Dr.  A.  G.  Hoen  has  kindly  made 
for  me  shows  very  well  the  appearances  to  be  made  out  under 
relatively  low  powers. 


CHAPTER   XII. 

I 

I 

THE    NATURE    OF    THE    TIGROID    MASSES    OR    "STAINABLE    SUB- 
STANCE "   OF   NISSL. 

Xature  of  the  "  stainable  substance  "  of  Nissl — Views  of  Nissl,  Benda,  Rosin, 
and  Held — Held's  modification  of  Nissl's  method  and  the  results  yielded 
bj  it — The  influence  of  chemical  reagents  and  of  digestive  fluids  upon 
the  Nissl  bodies — Studies  of  Macallum  and  Scott. 

In  medicine,  as  in  theology  and  philosophy,  the  subjects 
which  are  most  interesting  and  most  discussed  are  those  about 
which  we  know  least,  and  it  is  not  surprising,  therefore,  con- 
sidering the  scantiness  of  our  knowledge,  that  the  nature  of 
these  stainable  portions  of  the  substance  of  which  the  cell  body 
is  made  up  should  have  been  the  subject  of  much  polemical 
writing.  Indeed,  between  Nissl  on  the  one  hand  and  Bosin 
and  Benda  on  the  other  (the  two  latter  not  being,  however,  en- 
tirely in  agreement),  a  battle  royal  has  been  carried  on  in  a 
series  of  articles  in  which  too  often  personalities,  tiresome  to 
read  and  unworthy  of  the  disputants,  have  been  permitted  to 
enter.  Nissl  has  taken  the  ground  that  for  the  present,  at 
least,  we  have  no  right  whatever  to  make  any  positive  state- 
ment regarding  the  chemical  nature  of  these  substances;  he 
urges  that  for  the  time  being  we  must  remain  content  with  a 
description  of  the  morphological  appearances  met  with  in  the 
specimens.  His  terms,  "  visible  formed  substance  "  and  "  or- 
ganized substance,"  as  applied  to  the  stained  portions  of  the 
cell  body,  introduced  with  the  idea  that  they  are  purely  objec- 
tive, are  in  reality  not  so,  and  are,  therefore,  undesirable.  To 
the  term  "  stainable,"  if  by  this  is  meant  "  stainable  by  Nissl's 
method,"  there  can  be  no  objection.  Rosin,*  whose  studies 
were  made  largely  with  the  triacid  stain,  having  in  mind  the 
principles  of  elective  staining  formulated  by  Ehrlich,  compares 

*  Rosin,  H.  Ueber  eine  neiie  F&rbungsmethode  des  gesammten  Nerven- 
syst^ms  nebst  Bemerkungen  Gber  Ganglienzellen  und  Gliazellen.  Neurol. 
Centralbl.,  T^ipz.,  Bd.  xii  (1893),  S.  803-809.  Also,  Entgegnung  auf  NissFs 
Bemerkungen,  etc.    Neurol.  Centralbl.,  Leipz.,  Bd.  xiii  (1894),  S.  210-214. 
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the  granules  within  the  nerve  cells — that  is,  the  stainable  sub- 
stance of  Nissl — with  the  basophile  granules  of  the  Mastzellen 
of  Ehrlich,  and  concludes  from  his  studies  that  the  granule  in 
the  nerve  cell  is  to  be  thought  of  more  in  a  chemical  than  in  a 
morphological  sense.    Benda,  as  regards  the  general  significance 
of  staining  reactions,  supports  Rosin.    Xissl  has  opposed  Boeings 
view,  and  has  urged,  first,  that  not  all  basic  dyes  will  stain  the 
substances  concerned,  and  secondly,  that  certain  acid  dy^  will 
stain  them  intensely,  objections  which  he  believes  upset  entirely 
Rosin's  view  based   on  Ehrlich's  color  theory.     It  is  certain 
that  basic  dyes,  like  methylene  blue  and  thionin,  stain  very 
beautifully  the  Xissl  bodies ;  indeed,  the  method  of  Xissl  de- 
pends upon  this  quality;  but    Xissl  contends  that   the   term 
Basophilie  should  be  used  only  in  the  sense  in  which  it  has  been 
previously  defined  by  Ehrlich,  in  which  event  it  is  improper,  he 
thinks,  to  apply  it  to  the  stainable  substance  of  nerve  cells. 
Rosin  separates  the   "  granules "  in   nerve    cells    from   other 
basophile  cell  substances  on  account  of  their  behavior  toward 
the  triacid  mixture ;  *  and  Benda  inclines  to  the  view  that  the 
granules  in  the  nerve  cells  approach  nearest  in  character  to  the 
S-granules  of  Ehrlich.     He  asserts  that  in  numerous  experi- 
ments with  his  method  (formol  freezing)  he  has  found  in  the 
most  diverse  organs  constituents  of  the  cell  body  which  be- 
have, not  only  tinctorially  but  also  morphologically,  exactly  as 
the  stainable  substances  in  nerve  cells.     He  describes  them  in 
gland  cells,  liver  cells,  in  cells  of  the  pancreas,  in  the  cells  of 
some  sarcomatous  tumors,  in  certain  connective-tissue  cells,  but 
especially  in  normal  and  pathological  lymph  glands.     Ramon  y 
Cajal  t  also  asserts  that  the  stainable  substance  of  Xissl  is  not  spe- 
cific fur  the  nerve  cells,  as  he  has  demonstrated  its  presence  in 
certain  of  the  leucocytes  and  of  the  connective-tissue  elements. 
A  fiood  of  light  has  been  thrown  upon  this  portion  of  our 
subject  through  the  recent  researches  of  Hans  Held.  J     Held 
has  studied  the  structure  of  nerve  cells  of  diiferent  anim^U  in 
a   large   number   of  different  regions  with   a   modification  of 
Xissl's  method,  which  he  has  himself  devised. 


*  XeuroL  Ceiitralbl..  Leipz..  Bd.  xii  (1893),  S.  808. 

t  Raiuon  y  I'ajal,  S.  fc'iStructura  del  prott>plasinii  nervioso.  Rev.  trimesL 
microg.,  MiulriU,  vol.  i  (li<iH>),  pp.  l-:}0. 

X  Held,  H.  Beitra^  zur  Structur  der  Nervenzellea  und  ibrer  Fort^tSu 
Arch.  L  Auftt.  uiid  FhysioL,  AiiaL  Abth.,  Leipz.  (181K)),  S.  396-II(Sw 
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His  modification,  which  I  have  used  myself  aud  of  which  I  can 
jspeak  in  the  highest  terms,  is  as  follows  :  The  tissues  are  imbedded 
in  paraffin,  notwithstanding  NissFs  objection  that  imbedding  in- 
jures the  nerve-cell  structure.  Held  has  found,  and  I  can  confirm 
his  statement,  that  with  careful  paraffin  imbedding  no  more  arte- 
facts are  produced  than  when  no  imbedding  at  all  is  employed. 
On  the  contrary,  it  is  possible  with  paraffin  to  obtain  sections  as 
thin  as  one  micron,  or  even  thinner,  whereas  sections  prepared  by 
NissFs  method  are  seldom  thinner  than  from  seven  to  eight  mi- 
ci-ons,  and  it  is  by  virtue  of  the  possibility  of  obtaining  thin  sections 
that  much  of  the  increase  in  our  knowledge  of  the  nature  of  the 
stainable  substances  inside  the  cell  has  resulted.  In  order  to  study 
ordinary  pathological  alterations  in  the  cells,  however,  sections 
from  six  to  twelve  or  even  thirty  microns  in  thickness  afford  the 
most  satisfactory  results.  Held  fastens  the  paraffin  section  on  the 
slide  with  dilute  alcohol ;  the  staining  fluid  consists  of  equal  parts 
of  NissFs  solution  of  methylene  blue  and  soap  and  a  five-per-cent 
aqueous  solution  of  acetone.  The  sections  are  heated  in  this  mix- 
ture until  all  smell  of  acetone  has  disappeared.  (Held  stains  first 
with  a  solution  of  erythrosin,  the  erythrosin  serving  to  bring  out 
the  other  constituents  of  the  cell  body,  the  non-stainable  substance 
of  Nissl ;  for  the  study  of  the  Nissl  bodies  alone  this  portion  of  his 
method  can  be  dispensed  with.)  The  sections,  after  staining,  are 
■allowed  to  remain  in  the  blue  solution  until  it  has  cooled,  and  are 
then  differentiated  in  a  one-tenth-of-one-per-cent  solution  of  alum 
for  from  a  few  seconds  to  a  few  minutes,  according  to  the  thickness 
of  the  section.  The  specimens  are  then  washed  in  water,  dehydrated 
quickly  in  absolute  alcohol,  cleared  in  xylol,  and  mounted  in  ben- 
ziue-colophonium.  Held  used  as  a  fixing  agent  sometimes  ninety- 
six  per  cent  alcohol  and  sometimes  picrosulphuric  acid,  as  the  latter 
shrinks  the  protoplasm  less.  In  using  this  fixing  agent,  however, 
very  small  pieces  must  be  employed,  as  it  penetrates  with  diffi- 
culty. It  has  been  stated  by  some  that  staining  with  the  blue 
solution  for  twenty-four  hours  in  the  cold  gives  results  fully  as 
satisfactory  as  when  heat  is  employed.  M.  Bettmann,  working  in 
this  laboratory,  finds  that  artefacts  are  much  more  frequent  when 
high  temperatures  are  employed.  He  has  obtained  his  best  results 
by  staining  for  twenty-four  hours  at  a  temperature  of  37*  C. 

Another  excellent  modification  of  Nissl's  method  is  that  of 
Mann,  of  Edinburgh.*  Sections  of  sublimate  tissues  are  stained 
with  a  concentrated  aqueous  solution  of  toluidin  blue.  They  are 
then  differentiated,  and  may  be  counter-stained  if  desired.    The 

*  Mann,  G.    Ueber  die  Behandlung  der  Nervenzellen  fQr  experimentell- 
histologische  Untersachungen.    Ztschr.  f.  wissensch.  Mikr.,  Brnschwg.,  Bd. 
xi  (18»4),  S.  479-484. 
10 
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toluidin-blue  method  has  also  been  used  by  von  Lenhossek  *  wiili 
satisfactioti,  and  recently  Hart-is,  of  Philadelphia,!  has  published  an 
article  in  which  he  gives  a  number  of  interesting  details  with  re- 
gard to  ha  modf  at'oDs  of  this  method  of  staining. 

He  d  finds  n  ee  t  ons  from  one  half  of  a  micron  to  one  mL 
cron  th  ok  that  the  t  gro  d  bodies  present  an  exquisitely  gracn- 
lar  structure  (Fig.  75),  With  high  pav- 
ers they  are  seen  to  be  made  up  of  masses 
of  granules,  some  of  the  constituent 
granules  being  very  small,  others  ver; 
coarse.  They  have  a  rounded  form,  and 
when  not  too  close  together  appear  in 
rows  and  radii.  In  some  cells,  where  the 
constituent  granules  are  very  close  to  one 
another,  a  granular  structure  is  recogni- 
zable only  in  extremely  thin  sections 
with  the  aid  of  strong  immersion  lenses 
and  favorable  illumination.  But  Held 
ma  ntains  that  in  reality  all  are  composed 
of  granules.  In  some  cells  the  granules, 
instead  of  being  grouped  in  clumps,  ap- 
ntoal    pgar  to  be  more  or  less  evenly  distributed 


>    75— C 


H    d)     Th 
beta    filed    i 

huric     acid     .... 

edited  in  paraffin. 


It     th  oughoot  the  whole  of  the  cell  body. 
Bui-         In  many  instances  with  the  erythr 


irythro- 


in  chick-  are  not  in  contact  with  one  another,  but 

^i^n^'^Iir'nlMhyfe'S'e  are  imbedded  in  a  coagulnmlike  mm 

blue,     Thi-  NiBsl  hodiea  ^hich  stains  violet  and  is  easily  diatia- 
are  aeeu  to  be  made  up  -' 

of  inaHes  of  minute  gran-  guishable  from   the  bright  blue  of  the 

S™'  <.f^t'he''^uM''s'!!t    grannies  proper  and  the  red  of  the  gronnd 

BtaDc«  is  also  apparent.      aubstaoce— that  is,  unstainable  substance 

of  Sisal — lying  between  the  tigroid  bodies 

so  that  Held  describes  the  tigroid  bodies  as  being  made  up  of 

two  constituents,  one  granular,  the  other  coagnlumlike,  with 

sometimes  a  third — namely,  the  vacuoles. 

*  TOD  Lenhose^k,  M.  Veber  den  Bau  der  SpiD&Iganglieazcllen  dtt 
Henschen.  Vortrag  auf  der  WanderTeraanunluDg  sDdnestdeulscher  Nen- 
rologeu,  Baden-Baden,  1696.  Arch.  f.  Psfchiatr.  u.  Nervenkr.,  BerL,  Bd. 
xxix  (1896-'97).  S.  848-380. 

t  Harris,  H.  P.  Two  New  Methods  of  Staining  the  Asi».€7lindeis  oT 
Nerves  io  the  Fresh  State.  Some  Microchemical  Reactions  of  Toloidiii- 
Blue.    PhUa.  M.  J^  vol  i,  1898,  pp.  897-900. 
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Held  describes  in  detail  his  study  of  fresh  ganglion  cells  in 
physiological  salt  solution  and  in  vitreous  humor.  Except  the 
flat  gray  glistening  nucleolus,  with  sometimes  a  vacuole  and 
accessory  nucleoli,  and  a  homogeneous  transparent  nucleus 
limited  by  a  narrow,  doubly  contoured  membrane,  nothing 
could  be  made  out.  A  few  dark  granules  only  could  be  seen 
within  the  protoplasm,  even  in  the  most  favorable  cases,  and  he 
asserts  that  when  he  worked  quickly  the  protoplasm  remained 
almost  absolutely  free  from  granules.  The  tigroid  bodies  are 
invisible  in  fresh  cells.  Held  treated  the  fresh  cells  with  vari- 
ous reagents  in  order  to  make  out,  if  possible,  the  action  of 
swelling  and  fixing  solutions  upon  the  structure.  He  found 
that  on  adding  methylene  blue  in  dilute  solution  he  obtained  a 
result  which  led  him  to  think  that  the  blue  acts  upon  fresh 
tissue  as  a  fixing  agent  at  the  same  time  that  it  exercises  a 
staining  influence.*  With  other  flxing  agents  Held  obtained 
dark    masses    after  vacuoliza-  ^      ^ 

tion,  which  he  thinks  represent  y  ^tH"  ^^^\' 

the   tigroid    bodies.      He    be-  ^.^,^^^^38^  3^^-  <> 

lieves,  therefore,  that  we  have  "^.-  i^ 

no  right  to  think  of  the  tigroid  g^  I  *Jl^  w  , 

bodies  as  of  an  organized  nar      A  ^W^-^^^-^^  '"^^^ >4m?^ 
ture    or  as  representing  pre- 

.  J        11  S     .  Fig.  78.— Nerve  cell  from  Deiters*  nu- 

formed    cell    organs.        Basing  dens  in  the  mbbit.     Section  three 

hia  PYTW^riTTiPnfa   nnnn  fhrtQP  nf  microns  thick.    The  tissue  has  Iwen 

niS  experiments  upon  Unose  OI  exposed  to  the  digestive  action  of  a 

Fischer  concerning   the    mode  mixture  of  pepin  and  hydrochloric 

^  .  m  n    •  X      i_  acid  at  40"  C.  for  twelve  hours.    The 

of   action  of   nxmg  agents,  he  ground  substance  has  been  dissolved 

thinks  that  the  tigroid  bodies        ^^r'^clfL  He/d.^)"^'^  *^''''*'  '^" 
represent    simply     substances 

precipitated  from  solution  by  the  action  of  the  fixing  mixtures. 
They  are  not  visible  in  fresh  protoplasm,  but  dark  masses  cor- 

*  In  the  histological  course  in  the  Johns  Hopkins  Medical  School  the 
treatment  of  freshly  teased  ventral  horn  cells  with  methylene  blue  is  now 
employed  as  one  easy  and  satisfactory  mode  of  demonstrating  the  tigroid 
bodies  in  the  cell  bodies,  and  especially  in  the  dendrites.  I  have  repeatedly 
convinced  myself  of  the  homogeneous  appearance  of  the  protoplasm  of  the 
nerve  cell  when  it  is  examined  immediately  after  removal  from  the  living 
body.  Only  after  the  lapse  of  a  certain  time  do  masses  which  correspond 
to  the  tigroid  bodies  become  visible.  I  am  at  a  loss,  therefore,  to  under- 
stand the  statements  of  Flemming  and  von  Lenhoss^k,  both  investigators 
known  for  their  accuracy  and  objectivity,  when  they  assert  that  they  have 
observed  the  tigroid  bodies  in  fresh  living  cells. 
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responding  to  tliem  are  obtained  on  the  addition  of  fixing 
reagents. 

Held  undertook  a  most  careful  and  exact  chemical  study  of 
the  granules  in  alcohol  tissues.  Thus  he  found  that  the  ti- 
groid bodies  are  iusoluble  in 

dilute  and  concentrated  min-  y 

eral  acids,  in  acetic  acid,  boil-  ^ 

ing  alcohol,  cold  or  boiling  ^ 

ether,    and    in    chloroform.  ^ 

On  the  other  hand,  they  are  ^'i^^\ 

easily  soluble  in  dilute  and  ""       ^\  _^^ 

concentrated  alkalies.    With 
pepsin-and-hydrochloric-acid 
digestion  he  found  that  the 
ground   mass  of   the  proto- 
plasm    vanished    and    that 
the  tigroid  bodies  alone  re- 
mained undigested  (Fig.  76),      "f  „w?"*  ^ 
the  reverse  of  what  occurred      "^■'  -*        V 
on   treatment   with   lithium                \     * 
(Fig.  7i).    The  tigroid  bodies 
yielded  no  reaction  with  Mil-               j 
Ion's  or   Adamkiewicz's  rea- 
gent.    Held  obtained,  how 
ever,  slightly  positive  results 
with  Lilienfeld  and  Monti's 

mii-nu-lii'micnl   tPst  for  nhoH-    ^'^   "  —Nerve  rell  from  the  gray  iMIter 

mitrocnemicai  lesi  lor  pnus-        ^^  ^j^^.  lymhaf  „,fj  „f  the  oi.    .*lcuhol 

phorUS,    and    a   considerable  ftmoun       Twatment  for  four  days  in 

_.,         ,   ^,  ,,  iinifentrated  sqiKuas  •<>lutii>n   of  lith- 

quantity  of   the  gray  matter  iumnrb..iia[e      The  NiksI  bodivehan 

.if    the    niiiiiM)    niMrrnw    aftpr  tweu  diseuliedout.  and  thir  (tround  sab- 

01  me  spinal  marrow  aiter  stam-e  alone  renuuna-  I  After  Held.) 
digestion   with    pepsin  and 

hyilrocbloric  acid  examined  by  Siegfried,  of  the  physiological 
lalH>ratory  of  Leipsic,  showed  the  presence  of  phosphonu. 
Held  concludes,  therefore,  from  these  various  reactions,  that 
the  Nissl  bodies  belong  to  the  group  of  the  nucleo-aibomins, a 
view  which  agrees  with  the  investigations  of  Halliburton,  who 
found  in  the  gray  matter  a  nucleo-albumin  which  coagulated 
at  from  55'  to  CO"  C,  and  which  contained  as  much  as  0.3  per 
cent  of  phosphorus.  We  have  here  in  Baltimore  tested  the 
tigroid  masses  a  number  of  times  for  the  presence  of  iron  by 
Mucallum's    method,  always  with  negative   result-      Warrin;- 
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ton,  too,  has  applied  the  same  test,  but  does  not  obtain  any  dis- 
tinct reaction  for  iron. 

Macallum  *  himself,  however,  appears  to  have  demonstrated 
the  presence  of  iron  in  the  substance.  In  his  address  before 
the  physiological  section  of  the  British  Medical  Association, 
held  in  Edinburgh  in  July,  1898,  he  referred  to  some  investiga- 
tions undertaken  by  his  pupil  Scott,  mentioned  that  iron  and 
phosphorus  exist  in  the  substance,  and  stated  that  the  Nissl 
spindles  of  the  ventral-hom  cells  resist  peptic  digestion  (as  Held 
had  shown),  but  that  they  are  slowly  digested  with  trypsin. 
He  concludes  accordingly  that  they  are  of  the  nature  of  a 
nucleo-proteid.  Macallum  has  developed  a  method  for  the  his- 
tological detection  of  phosphorus  which  seems  to  be  more  exact 
than  the  procedure  of  Lilienfeld.  Instead  of  using  pyrogallic 
acid  as  a  reducing  agent  on  tissues  previously  subjected  to 
treatment  with  acid  solution  of  ammonium  molybdate,  Macal- 
lum employs  the  hydrochlorate  of  phenyl-hydrazin,  removing 
the  excess  with  water.  The  lecithin  may  be  removed  from  the 
tissues  before  applying  the  test  by  placing  the  slide,  with  sec- 
tion attached,  into  a  Soxhlet  apparatus  and  extracting  with 
ether.  By  this  method  the  portions  of  the  tissue  containing 
phosphorus  assume  a  dark-green  color. 

Held  believes  that  these  nucleo-albumins,  although  invisible 
in  the  fresh  protoplasm,  are  present  in  it  in  solution,  and  that 
they  first  take  the  form  of  Nissl  bodies  when  the  protoplasm  is 
subjected  to  the  action  of  fixing  reagents.  In  further  support 
of  this  view  he  found  that  with  the  different  kinds  of  fixing 
reagents  and  with  varying  concentration  of  the  same  reagent 
entirely  different  histological  pictures  of  the  tigroid  accumula- 
tions and  of  the  masses  lying  between  them  could  be  obtained. f 

♦  Macallum,  H.  B.  Some  Points  in  the  Micro-Chemistry  of  the  Nerve 
Cells.    Brit.  M.  J.,  Lond.  (1898),  vol.  ii,  p.  778. 

f  For  example,  forty-per-cent  alcohol  precipitates  a  part  of  the  tigroid 
bodies  much  more  finely  granular  than  does  ninety-six-per-cent  alcohol, 
while  the  part  of  the  granules  otherwise  thrown  down  in  coagulumlike 
masses  is  not  precipitated  at  all,  so  that  one  sees  distinct  spaces  between  the 
single  fine  granules  in  the  larger  Nissl  bodies.  As  Nissl  has  always  empha- 
sized, however,  for  the  study  of  pathological  alterations,  it  matters  little 
whether  the  Nissl  bodies  are  preformed  structures  existing  intra  vitam  or 
aT«  the  result  of  precipitation.  The  important  point  is  that  under  normal 
conditions  by  definitely  uniform  methods  perfectly  constant  microscopic 
pictures  are  obtained.    Nissl  has  accordingly  introduced  the  term  "nerve- 
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If  these  investigations  of  Held  are  confirmed — and  the  accuracj 
with  which  this  work  has  been  conducted,  as  well  as  that  of  his 
previous  contributions,  leaves  but  little  room  for  doubt  upon 
this  point — we  must  admit  that  his  suggestion  that  they  yield 
an  index  to  the  internal  metabolism  of  the  nerve-cell  protoplasm 
is  entirely  reasonable,  and  that  through  fixation  and  staining 
we  can  obtain  an  idea  of  the  stock  in  trade,  as  it  were,  at  the 
moment  inside  of  the  nerve  cells. 

The  relation  of  the  stainable  substance  of  Xissl  to  the  nerre 
cells  of  the  ventral  horns  has  been  studied  by  Macallum  and 
Scott  in  embryo  pigs.  At  a  very  early  stage  the  ventral-horn 
cells  are  found  to  consist  almost  entirely  of  nucleus  rich  in  chro- 
matin, the  protoplasm  of  the  cell  being  but  poorly  developed. 
At  a  later  period  the  cell  body  elongates,  the  nucleus  becomes 
less  rich  in  chromatin,  and  close  to  the  nucleus  a  "cap "of 
peculiar  nature,  stainable  with  toluidin-blue,  makes  its  appear- 
ance. Still  later  in  development  this  stainable  substance  seems 
to  be  uniformly  distributed  throughout  the  cytoplasm,  and 
finally  the  aggregations  of  the  substance  in  the  form  of  the 
spindles  met  with  in  the  adult  are  encountered.  Macallum  and 
Scott,  therefore,  are  of  the  opinion  that  the  Xissl  bodies  are 
derived  from  the  nucleus  of  the  nerve  cell. 

cell  equivalent  "  or  *'  equivalent  picture  '*  {Aequivalentbild),  By  tliis  he  un- 
derstands the  microscopic  picture  of  a  nerve  cell  present  in  the  tissue  of  an 
animal  killed  in  a  prescribed  way  and  afterward  treated  by  a  definite  method 
of  preparation,  lie  thus  does  not  concern  himself  with  the  way  a  healtfaj 
nerve  cell  of  living  or  dead  tissue  looks,  but  ever  bears  in  mind  a  certain 
constant — ^namely,  the  **  equivalent  form  "  of  the  healthy  nerve  cell  of  the 
dead  tissue.  Any  deviation  from  this  normal  ^^  equivalent  picture  ^  of  the 
nerve  cell  would  indicate  some  alteration  in  the  latter,  and  it  is  in  this 
way  that  the  alterations  under  physiological  and  pathological  conditions 
can  be  described  and  judged. 


CHAPTER  XIII. 

THE   GROUXD   SUBSTANCE   OR   "UNSTATNABLE   SUBSTANCE" 

OF   NISSL. 

Nature  of  the  "unstainable  substance"  of  Nissl — Acidophile  reaction  of 
Ptosin — Comparison  with  sarcoplasm  (Benda) — ^Fibrils  in  the  "  unstain- 
able substance  " — Becker's  findings  in  ventral-horn  cells — Studies  of 
Apdthy  and  Bethe^Golgi's  endocellular  network — Held's  observations 
with  erythrosin  staining — The  structure  of  axones — The  axospongium 
— Neurosomes — Studies  of  Montgomery — Hypotheses  concerning  the 
conducting  substance — The  presence  of  centrosoraes  and  attraction 
spheres  in  nerve  cells — External  reticular  covering  of  perikaryon  and 
dendrites. 

If  we  are  left  in  doubt,  then,  as  to  the  exact  nature  and  sig- 
nificance of  the  portions  of  the  nerve-cell  body  stainable  by 
Nissl's  method,*  we  are  in  a  still  greater  dilemma  as  regards 
the  character  of  the  non-stainable  part,  the  visible  unformed 
substance  of  Nissl.  While  Nissl  himself  lays  great  stress  upon 
the  significance  of  the  stainable  substance,  he  grants  that  the 
non-stainable  substance,  or  ground  substance,f  is  probably  just 
as  important,  indeed,  possibly  of  much  greater  consequence. 
The  quantitative  relations  of  the  two  substances  vary  enor- 
mously in  different  nerve  cells,  almost  as  much,  perhaps,  as  do 
their  position  relations.  In  the  large  motor  cells  of  the  ventral 
horns,  for  example,  and  in  similar  cells  in  the  formatio  reticu- 
laris, the  stainable  substance  of  Nissl  preponderates  by  a  con- 
siderable amount ;  in  the  Purkinje  cells  of  the  cerebellum,  in 
the  pyramidal  cells  of  Betz,  and  in  many  other  nerve  cells,  it  is 
the  ground  substance  which  is  often  by  far  the  more  abundant. 

Rosin's  studies  convinced  him  that  the  ground  substance  of 
nerve  cells  had  a  distinct  elective  affinity  for  acid  dyes;  he 
therefore  speaks  of  this  portion  of  the  cell  body  as  acidophile 
as  contrasted  with  the  basophile  constituent,  by  which  he  means 
the  stainable  substance  of  Nissl.     The  majority  of  investigators, 

*  Flemming's  Interfilarmasse.  f  Flemming*8  Filarmasse. 
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but  by  no  means  all,  are  agreed  that  the  non-stainable  substance 
of  the  cell  body  is  closely  allied  to,  if  not  identical  in  structure 
with,  that  of  the  axone  and  of  the  axone  hillock.  Others,  how- 
ever, look  upon  the  axone  as  a  specifically  differentiated  portion 
of  the  ganglion  cell  body,  differing  entirely  from  the  rest  of  the 
c3rtoplasm  in  structure.  Benda  has  advanced  a  number  of  in- 
teresting hypotheses  in  this  connection,  comparing  the  histo- 
genesis of  the  nerve  cell  and  its  processes  to  the  development 
of  the  striped  muscle  fibre.  The  cells  which  give  rise  to  mus- 
cle fibres,  the  so-called  sarcoblasts  of  Marchesini,  contain  a 
protoplasm  which,  in  part,  becomes  differentiated  to  form  the 
muscle  fibrils,  but  in  small  amount  persists  as  the  so-called  sar- 
coplasm  of  adult  muscle.  Benda  describes  the  neuroblast  of 
His  as  being  made  up  of  protoplasm  and  of  paraplasm,*  the 
latter  belonging,  according  to  him,  to  the  non-stainable  por- 
tion of  the  nerve-cell  body.  Benda  thinks  that  the  protoplasm 
of  the  neuroblast  in  the  course  of  development  is  in  part  dif- 
ferentiated into  a  fibrillary  substance  constituting  the  nerve 
fibrils  of  the  axone  as  well  as  portions  of  the  cell  body  and 
dendrites,  but  in  part  remains  undifferentiated,  even  in  the 
fully  developed  nerve  cell,  as  basophile  neuroplasm,  quite 
analogous  to  the  sarcoplasm  of  muscle.  Xissl  has  objected 
that  these  views  are  purely  hypothetical,  and  states  that  the 
developmental  course  of  a  neuroblast  can  not  be  brought  into 
analogy  with  that  of  a  sarcoblast.  Apathy,  when  describing 
his  "  nerve  cells  "  (as  opposed  to  his  "  ganglion  cells  "),  states 
that  they  produce  neurofibrillaB  just  as  muscle  cells  produce 
muscle  fibrillse.     He  also  compares  "  nerve  cells  "  with  muscle 


♦  Von  KupfPer  (Ueber  Differenzirung  des  Protoplasmas  an  den  Zellen 
thierischer  Gewebe,  Schrift.  d.  naturw.  Ver.  f.  Schlesw.-Holst.,  Kiel,  Bd. 
i.  1875,  H.  3,  S.  229)  first  contrasted  the  "  protoplasm  "  with  the  ^  para- 
plasm "  of  cells.  lie  used  the  word  protoplasm  to  indicate  the  internal 
or  endoplasmic  portions  of  the  cell  body — that  is,  those  adjacent  to  the 
nacleus — while  the  word  paraplasm  designated  the  peripheral  cell  plasm. 
The  terms  had  therefore  only  a  topographical  signification  and  had  no  ref- 
erence to  the  finer  protoplasmic  structure,  as  have  the  words  mitom  and 
paramitom,  spongioplasm  and  hyaloplasm.  Many  histologists  have  failed 
to  recognize  this  fact — Benda,  for  example,  quoted  here,  uses  paraplasm  in 
the  sense  of  paramitom.  In  a  recent  article  (Ueber  Energiden  nnd  pan- 
plastische  Bildungen ;  Rektoratsrede,  Mdnchen,  1896)  von  Kupffer  himself 
uses  protoplasm  to  indicate  the  primary  and  active  part  of  the  cell,  and  re- 
fers to  paraplasm  as  the  secondary  or  passive  part. 
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cells  in  their  histogenesis,  and  believes  that  a  "  nerve  cell  "  is  na 
more  capable  of  the  highest  functions  of  conduction  before  the 
appearance  of  the  neurofibrillae  than  is  a  muscle  cell  of  the 
highest  functions  of  contraction  before  its  peculiar  fibrillae 
have  been  differentiated. 

One  thing  would  seem  certain,  if  we  have  to  deal  in  nerve 
cells  with  a  fibrillary  structure  at  all,  the  fibrils  must  be  sought 
within  the  "  non-stainable  "  portion  (in  the  sense  of  Nissl)  of 
the  cell.  Becker  *  has  asserted  that  he  has  stained  electively 
with  haematoxylin-copper  the  substance  of  the  nerve  cell  which 
remains  unstained  by  Nissl's  method,  and  finds  that  it  con- 
sists essentially  of  actual  nerve  fibrils.  It  represents,  he  says,, 
the  direct  continuation  of  the  primitive  fibrils  of  the  axone 
into  the  cell  body  and  the  dendrites,  an  idea  which  approaches 
closely  to  that  advanced  by  Max  Schultze.  Becker's  studies 
were  made  upon  the  motor  cells,  and  Nissl  has  recently  agreed 
that  the  existence  of  the  fibrillary  nature  of  this  part  of  the  cell 
body  has  been  proved  for  these  cells.  He  says,  however,  that 
Becker's  method  does  not  suffice  for  the  decision  of  the  ques- 
tion in  all  varieties  of  nerve  cells,  and  that  the  nature  of  the 
structure  in  cells  other  than  the  motor  cells  must  for  the  pres- 
ent remain  undecided  f  The  wonderful  demonstrations  of 
Ap&thy  of  curiously  complex  fibrillary  relations  in  the  nerve 
cells  have  already  been  referred  to  at  some  length  in  Chapter 
VI,  and  need  not  be  described  again  in  this  place.  We  await 
with  considerable  eagerness  the  appearance  of  Apathy's  second 
communication,  in  which  he  promises  to  compare  his  own  find- 
ings with  the  observations  and  opinions  of  other  investigators. 

Stimulated  by  the  results  attained  by  Ap&thy,  Bethe  J  has* 
attempted  to  demonstrate  the  fibres  in  the  cells  of  vertebrates 
and  especially  in  human  nerve  cells.  The  method  of  Ap&thy 
does  not  appear  to  yield  very  satisfactory  results  when  applied 
to  the  nervous  system  of  higher  mammals.     Bethe,  however,  has 

•  XX.  Wanderversammlung  der  sttdwestd.  Neurologen  und  Irrenftrzte  in 
Baden-Baden  am  25.  and  26.  Mai  1895.  Archiv  f.  Psychiat.  u.  Nervenkr., 
Berl.,  Bd.  xxvii  (1895),  S.  953. 

f  In  a  still  later  article,  Nissl,  on  the  ground  of  the  preparations  of 
Apathy  and  Bethe,  accepts  a  fibrillary  structure  for  the  nerve  cells  in  gen- 
eral. 

X  Bethe,  A.  Ueber  die  Primitivflbrillen  in  den  Ganglienzellen  vora  Men- 
schen  und  anderen  Wirbelthieren.  Morphol.  Arb.,  Jena  (1898),  Bd.  viii^ 
S.  95-116. 
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developed  »  method^  the  details  of  which  are  not  yet  pablished, 
whieh  stains  the  fibrils  beaatifollv,  eren  in  the  nerre  cells  of 
man.  The  principal  points  in  the  method  are  as  follows :  The 
Nisi^  bodies  are  first  removed  from  the  sections  bj  treatment 
with  ammonia,  in  which  thev  are  soluble.  Later,  the  sections 
are  treated  with  hTdrochloric  acid,  and  afterward  with  moljb- 
dio  aoid  followed  bv  toluidin-blue.  The  fibrils  br  this  method 
is^tain  of  an  intense  blue  color. 

Bet  he  has  been  able  to  demonstrate  the  fibrils  in  different 
l^aris  \>t  the  eeniral  nerroos  system  in  both  cells  and  fibres  as 
well  as  in  the  peripheral  nerre  fibres.  In  the  axones  of  the 
jvri|xheral  nerve*  the  fibrils  appear  distinetlv  stained^  with  deli- 
cate siUiH^h  ivutoar  ruaaini:  in.  a  somewhat  wavy  course  and 
ueaHv  ^Kurallel  to  one  anoch^r.  Single  fibrils  can  be  followed 
fv^'r  a  dUtaiKV  of  tiftv  m.icn>us  and  fiircher.  Thev  seem  to  be 
iiub*\ide\l  iu  a  homot^tieoos  jm>ciid  subtstance.  Bethe  can 
tiuvl  no  iiuuv.*atiott  of  the  h«>&r?v«x^nib  stmoczire  of  Butschli.  In 
loit^Uu^tiu^l  sev'Cious  no  tmnsTierse  fibrilLae  can  be  made  oat 
vviimvciu^  the  loti^tcndioLfcl  dbrilsv  ari'i  in  eroiss  sections  of  the 
axon^"^  the  dbrtU  ap^vtur  ;&>  Lj^jlated  pivinis  en  the  homogeneous 
subci^tAUvv.  r'jte  dbrtLs  are  more  ^parjce^i  fnvcEi  oae  another  in 
the  axoJteci  iu.  ch^^  5.vn^ta«ewl  nenres  zhiui  in  shoee  inside  the 
vviitsul  u<^r>\»a>  >vstettu  iprjarvaciy  *>wiiix  c*>  irie  presence  of 
rvHuti^^v>  Utrv^^r  duuoum:*'  oc  ua<^  hom«>^ae*jas  sitbiytanoe- 

The  d-?rtls:u.>ivie  i;ae:iterve'.*ei[s-an?  -w  'i^cizit.'tLj  staiined  that 
t^'th<?  U  much  itu '^H-v^jsed  wtca  rhelr  in'i»fp*?n*ien»>'e.  He  does 
Uv»5  t:nuk  th»*c  :hc¥  atv  iKCual'v  a  rmrz  of  uiie  pn:>c»'Dlaan  since 
lhv\  ^i^'ui  to  b^  >o  tuiiork^u'y  iiJ^ferwaLiaaHi  fnjni  the  latter. 
'thv>  vKVur  evt*rNt\*'it:'n*  iti  cae  tinscuioiioie  5iibscaii»:re  of  XissL 
B<i'io  di:K-r»!L  t>o£ju  A^><tciiy  wrii  r»eicar»i  ro  tae  r^uition  of  the 
d bi  I U  to  ^^iiv  ar I v» ci  1  ^r  :u >i«ie  : ii e  ae rv^  ct? Lis :  whereas  Apathj 
sU\Nv*iibv^c!k  ahv  tvr'ii;i:K>ii  >t  iTitf  tncrtior  Jiilar  Diextises  and  net- 
Vt  v»2  <v^  1 1  -  v^ii^  i*^  ui  u  1 1  i  :.> le  Mi ik^t xj  iu « »??e$.  fi » rme*i  b t  i  ae  sa NiiTisions 
v'i  ^4  !ic  d  b 1 1  Ljv  %  1 1  h ;  M  L  hr?  0^  i  I  T.»  r».»  c ' ;  u  iiiism.  I5v  ciie  is  »>  f  tae  opinion 
thv*!;  t^kc  d^ivlss  ao  hv^c  iiuLtt^  ^c  jui  'nsi'It?  tae  '>rLLs.  and  that  the 
V Ivvwv  ^\iiuu\\\ir  yit* vusi.  %'iK!i  -ittt-n  rrrs^fmijiti^  a  network  is  in 

tnuoi  ^*j<»:\  ck;."ic  'i^wssiiuiinvi  .-lUt'tiv  :ae  r*'ir&in;^  L*eLIs  in  the 
wx V  iX'  i. .  ^;  !.u^  I  "w  i»  v  i4j  ti . ♦.; c-kl  .•%;  t !  :s  :  u  *:  i  i le  •«  r^  b  nil  '»rt*^  x*  and  the 
vv->.^  xu  v-v  \vii.  ikl  'wi'ii  .ui»i  111  ui^    I»jrskl  Jura  of  liie  ^ptsai 
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His  statements  with  regard  to  the  fibrils  in  the  dendrites 
and  axones  are  of  the  deepest  interest.  He  finds  that  not  all 
the  fibrils  entering  by  means  of  dendrites  into  the  cell  body 
pass  out  by  way  of  the  axone ;  on  the  contrary,  they  are  just  as 
likely  to  pass  out  of  the  cell  body  by  way  of  another  dendrite, 
and,  what  is  still  more  interesting,  Bethe  asserts  that  he  has  fol- 
lowed fibrils  alpng  one  branch  of  a  dendrite  into  another  branch 
of  the  same  dendrite,  thus  not  entering  the  nerve  cell  at  all. 
Again,  in  the  pyramidal  cells  of  the  cerebral  cortex  he  finds  that 
most  of  the  fibrils  run  longitudinally  through  the  apical  den- 
drites and  cell  body,  but  they  are  evenly  distributed  to  all  the 
processes  at  the  base — that  is  to  say,  to  the  dendrites  there  as 
well  as  to  the  axone.  The  lateral  dendrites  of  the  cell  are  con- 
nected by  means  of  another  series  of  fibrils  with  one  another 
and  with  the  axone.  Bethe  is  inclined,  therefore,  since  he  re- 
gards the  fibrils  as  the  conducting  substance,  to  discount  the 
general  opinion  that  the  nature  of  axones  and  dendrites  is  fun- 
damentally difl!erent.  As  von  Lenhossek  says,  however,  in  his 
critique  *  of  Bethe's  paper,  it  is  by  no  means  proved  that  the  in- 
terfibrillary  substance  is  excluded  from  the  conduction.  Von 
Lenhossek  emphasizes  the  fact  that  the  marked  differences  be- 
tween the  axone  and  the  dendrites  in  Golgi  and  Xissl  preparations 
can  not  be  without  definite  physiological  significance.  If  the 
fibrils  alone  conduct,  Bethe's  studies  would  upset  entirely  the 
widespread  view  concerning  the  cellulipetal  character  of  den- 
dritic conduction.  But  this  view  of  an  exclusive  cellulipetal  con- 
duction for  the  dendrites  and  exclusive  cellulifugal  conduction 
for  the  axones,  has,  in  my  opinion  (cf.  Section  V),  always  been 
founded  upon  a  totally  insufficient  basis  of  experience,  and  it 
would  not  be  surprising  should  a  conduction  in  both  directions 
be  proved,  whether  the  views  of  Apdthy  and  Bethe  are  or  are  not 
in  accord  with  the  facts. 

The  statement  is  usually  made  that  Golgi's  method  is  inap- 
plicable to  the  study  of  the  interior  of  the  nerve  cells.  As  this 
Tolume  is  going  through  the  press,  Golgi  f  publishes  a  descrip- 
tion of  a  fine  network  inside  the  cell  body  of  the  Purkinje 
cells  demonstrable  by  a  slight  modification  of  the  osmo-bichro- 


*  Neurol.  Centralbl.,  Leipz.,  Bd.  xvii  (1898),  S.  944-947. 
f  Golgi,  C.    Sur  la  structure  des  cellules  neinreuses.    Arch.  ital.  de  bioL, 
Turin,  t  xxx  (1898),  pp.  60-71. 
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mate  procedure  (Fig.  78),  Similar  networks  have  been  seen 
by  Veratti,  an  assistant  of  Golgi,  in  the  large  nerve  cells  which 
Golgi  believes  give  origin  to  the  axones  of  the  nerrus  troth- 
learis.  Golgi  states  that  he  can  say 
nothing  concerning  the  significance  of 
the  endocellalar  network,  but  be  is  in- 
clined to  believe  that  his  findings  thus 
far  are  only  a  partial  manifestation  of 
finer  and  more  complex  structores.  He 
feels  sure,  however,  that  this  network 
has  nothing  in  common  with  the  clas- 
sical  description  of  Max  Schultze  and 
bis  school ;  that  it  has  no  analogies  with 
the  pictures  discernible  in  Xissl  prepa- 
rations, and  that  it  offers  no  correspond- 
ence with  the  interesting  results  of 
Fig.  78.— Endoceiiuiarnet-  Apdthv  concerning  the  nerve  cells  of 
wort  within  a  Purkiiue     .  ,   ,      , 

cell  of  thv  cerebellum  uf   invertebrates. 

^%  ^t^uwnSTe?.?^  Held,  in  addition  to  his  studies  of 

modiflcKtion  of  thu  rapid    the  stainable  part,  has  also  turned  his 
Golgi    niPthod.      (After      ^^      ^.         .      f,  .  ,    ,, 

c.  Qoisi.  Arrh.  itai.  de  attention  to  the  ground  mass  of  the 
hio^, Turin, LxM,  1898,  protoplasm  of  nerve  cells;  the  full 
results  of  his  research  have  been  pub- 
lished in  an  article  of  nearly  one  hundred  pages,  and  bean- 
tifnllj  illustrated  with  lithographic  plates.*  He  states  thst 
in  sections  fixed  with  alcohol,  picrosulphuric  acid,  or  chromic 
acid,  it  has  a  distinctly  reticular  appearance.  In  very  thin 
sections  he  can  make  out  granules  which  are  extremely  fine, 
staining  on  the  limits  of  microscopic  perceptibility.  No  fibrills 
could  be  observed  except  at  the  wedge  of  origin  of  the  axons 
and  in  the  more  cytodistal  portions  of  the  dendrites,  in  which 
the  tigroid  masses  cease  to  appear.  Here  he  could  make  ont, 
stained  bright  red  in  erythrosin,  a  fine  longitudinal  striation 
along  with  an  arrangement  of  extremely  fine  granules  in  rows 
and  pressed  together,  as  it  were,  ao  as  to  give  the  appear- 
ance of  fibrillee.  Held  believed  at  first  that  he  had  before 
him  the  fibrils  of  Max  Schultze.    On  using  dilute  solutions  of 


•  Held.  H.  Beitrige  lur  Structur  der  Nervenzellen  ond  ihrer  FortsUu. 
Zweite  Abhandlung.  Arch.  f.  Anal.  u.  Phjsiol.,  Aiuit.  Abth,,  Leipc  (1W7). 
H.  iii  u.  IT,  S.  a04-3»4. 
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chromic  acid,,  however,  and  of  ammonium  bichromate,  he  did 
not  obtain  fibrils,  but  in  the  thinnest  sections*  saw  distinct 
foamlike  structures;  especially  on  staining  with  iron-haema- 
toxylin  without  any  subsequent  differentiation,  he  obtained 
honeycomb  pictures  which  correspond  entirely  to  the  pictures 
and  descriptions  of  Biitschli.  Held,  in  opposition  to  Max 
Schultze  and  H.  Schultze  among  the  older  histologists,  and  Flem- 
,  ming,  Benda,  and  Dogiel  of  the  present  time,  is  inclined  to  ac- 
cept Butschli's  view  that  the  fibrillae  of  the  older  observations 
correspond  to  longitudinal  layers  of  hpneycomb  cells  which  lie 
close  over  one  another ;  Held  will  not  grant,  however,  that  the 
nerve  cell  actually  possesses  a  honeycomb  structure,  since  he 
believes  that  fixing  agents  with  which  it  appears  exercise  a 
marked  vacuolizing  infiuence  upon  living  nerve-cell  proto- 
plasm.* He  has  worked  with  an  extensive  series  of  fixing  re- 
agents, including,  in  addition  to  the  weak  bichromate  solu- 
tions used  by  Schultze,  the  fixing  fiuids  which  Butschli  has 
employed,  and  also  the  majority  of  the  fiuids  now  generally 
applied  in  the  technique  of  modem  cytology.  The  results 
he  has  obtained  lead  him  to  the  view  that  the  various  differ- 
ences met  with  in  the  descriptions  of  investigators  in  different 
laboratories  are  in  large  part  due  to  the  fixing  factor.  Nor 
does  Held  accept  Eosin's  view  that  of  the  two  main  sub- 
stances in  nerve  cells  one  is  acidophile  and  the  other  baso- 
phile.  Relying  rather  upon  the  recent  researches  of  A. 
Fischer,t  and  of  the  Italian  investigator  Galeotti,J  he  has 
come  to  the  conclusion  that  the  so-called  elective  stains  de- 
pend more  upon  physical  factors  than  upon  purely  chemical 
differences.  In  the  first  place,  closely  arranged  granules  absorb 
coloring  matters  much  more  intensely  and  hold  them  longer 
when  subjected  to  differentiating  fiuids  than  loosely  built 
parts ;  and  secondly,  the  '*  covering  power "  (Deckkraft)  of 
dyes  has  to  be  considered,  since  through  covering-over  con- 
stituents, stainings  which  are  really  only  apparent  can  result. 


•  Ram6n  y  Cajal  (op,  eit,)  has  recently  supported  vigorously  the  doctrine 
of  a  honeycomb  structure  for  the,nnstainable  substance. 

f  Fischer,  A.  Zur  Kritik  der  Fixirungsmethoden  und  der  Granula. 
Anat.  Anz.,  Jena,  Bd.  ix  (1894),  S.  678-680;  also  Neue  Beitrftge  zur  Kritik 
der  Fixirungsraethoden.   Anat  Anz.,  Jena,  Bd.  x  (1894-'95),  S.  769-777. 

{  Oaleotti,  G.  Ueber  die  Granulation  in  den  Zellen.  Internal.  Monat- 
^hr.  f.  Anat.  u.  Physiol.,  Leipz.,  Bd.  xii  (1895),  S.  440 ;  461. 
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Mi'lhylene  blue,  for  example,  is  known  to  have  a  very  high 
covering  powet. 

Van  (.lieson,  vui  Gehuchten,  Ramun  y  Cajal,  and  othen 
assert  the  esistence  of  a  distinct  reticulum  which  extendi 
throughout  the  cell  body  and  all  its  processes  {dendrites  and 
axoneii).  There  may  be,  they  think,  a  diSerence  between  the 
n'ticuliun  in  the  dendrites  and  that  in  the  axones.  Filling  ap 
the  tnterstii-'es  in  the  reticolom  and  bathing  it  is  the  softer  and 
more  fluid  part  of  the  nerre  cell,  the  cell  sap.  Tan  Gieson  re- 
ports some  interesting  experiments  made  on  the  neire  cells  of 
the  cockroach,  in  which  he  has  found  it  possible  to  sqneese  ont 
the  cell  sap,  leaving  behind  only  the  cytoreticnlmn.  He  looka 
upon  the  cy  tore  tic  ulum  as  the  contractile  part  of  the  nerve 
cell  protoplasm,  and  believes  that,  extending  into  the  den- 
drites, it  may  enter  into  the  formation  of 
the  gemmoles  present  on  many  of  these 

®f  _.    \  pnxessea. 

'..■;■"   \  The  views  which  have  been  held  re- 

"  garding  the  structure  of  the  axone  are  u 

divergent  as  those  concerning  the  stmr- 
tore  of  the  non-«tainable  portion  of  the 
nerve  cell  generally.  The  idea  that  it 
possesses  a  fibrillary  structure,  suggested 
bv  Bemikk  and  so  stronslv  nrsred  bv  Mu 
XMH1I  fruiu  tbu  bchultze  and  br.  bcaoltze,  Engelmann 
\,^'^1i"JMi£  an*! ^"'^  KOUiker, received  important  ctm- 
Srmation  in  the  researches  of  Schieffer- 
LHiudvd  by  it  p.-  decker.*  This  histologist  found,  in  the 
6^^  ^"wVw"""  iwfeccly  fresh  nerve  fibres  of  petromyioii, 
what  he  regards  as  imdonbted  evidence 
of  the  e,\isieuce  of  fibrils  inside  the  axone  (Fig.  TS).  The 
axoiit.'ii  wf  the  nerve  cells  of  this  animal  con^i^t,  according 
to  S-'hit-fferdfcker,  of  two  essential  constitneata,  the  axone 
fibrils  tuid  a  homogeneous  substance,  the  axoplasm  or  neuro- 
plasm. In  petromyaou  the  axone  fibrils  tend  to  mn  in  the 
ci'iitru  uf  the  axoue,  a  large  area  ;it  the  periphery  of  the 
a.\ou«  being  entirely  free  from  fibrils.      This  peripheral  ion* 

•  S.hk.ir..rJi'ck.-T.   ?.,  ill  Stiijuffeniwkcr  u.  K.wwL  Gwwiwiehr-  mil  bfr 
siuulvrvT   BiTilvkMiiuiauiig  dt-s  lutoMjiiiiLbett   Korptn.,  BU,  li.   BriLwiiwt 
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consists  entirely  of  neuroplasm,  which  also  extends  in  among 
the  fibrils  of  the  central  core.  The  fibrillary  appearance  is 
easy  to  make  out  in  the  axones  of  cyclostomes  and  molluscs 
(Rawitz). 

Subsequent  researches  upon  higher  forms  make  it  not  im- 
probable that  a  similar  structure  holds  in  them.  It  would 
seem,  however,  that  in  medullated  nerve  fibres  the  axone  fibrils 
are  more  evenly  distributed  throughout  the  whole  axone,  the 
peripheral  layer  of  pure  neuroplasm  being  absent  altogether  or 
reduced  to  a  very  thin  superficial  film  (Fig.  80).     There  are 


^^^^^^ 


Fig.  80. — Longitudinal  and  tiansverse  section  of  medullated  nerve  fibres  from 
the  sciatic  nerve  of  the  frog  (oemic  acid  and  acid  fuchsine).  (After  Bieder- 
mann. )  The  longitudinal  section  shows  one  node  of  Ranvier  and  two  of 
I ^ntermann's  segmentations.  The  fibrillary  structure  of  the  axone  is  shown 
in  both  long  and  cross  section. 

many  histologists,  however,  who  refuse  to  believe  in  the  exist- 
ence of  actual  fibrils  inside  the  axones  of  higher  animals.  The 
doctrine  of  the  fibrillary  nature  of  the  axone  and  unstainable 
portion  of  the  protoplasm  of  the  nerve  cell  has  recently  received 
support  from  the  studies  of  Lugaro  *  and  of  Levi.f  The  former 
too,  in  his  studies  of  the  nerve  cell  under  pathological  condi- 
tions— ^for  example,  after  poisoning  with  lead  and  arsenic — 
finds  that  the  fibrils  may  become  very  distinct  inside  the  nerve 
cell8.J 

Held's  description  of  his  findings  in  the  axis  cylinders  of 
nerve  cells  is  lengthy  and  detailed.     With  a  large  series  of 


*  Lngaro,  E.  Sul  valore  rispettiva  delle  parte  cromatica  e  della  acro- 
matica  nel  citoplasma  delle  cellule  nervose.  Riv.  di  patol.  nerv.,  Firenze, 
vol.  i  (1896),  pp.  1-11. 

f  Levi,  6.  Su  alcune  particolarit^  di  struttura  del  nucleo  delle  cellule 
nervosa.    Riv.  di  patol.  nerv.,  Firenze,  vol.  i  (1896),  pp.  141-149. 

X  Lugaro,  E.  SuUe  alterazioni  degli  elementi  nervosi  negli  av.velena- 
menti  per  arsenico  e  per  piombo.  Riv.  di  patol.  nerv.,  Firenze,  vol.  ii  (1897), 
pp.  49-64. 
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rt\iug   \H^^^ontj*,  aiuoniir  which  van  Gehuchten's   mixture  («jO 
)MU  id  MUH^hiU  ul^ol,,  30  parts  chloroform,  and  10  parts  acid 

.   ,^         ..,,^,       crv^^^^^^w    ^^^^  ^^**^*^  yielded  the   most 
\'x    ♦^  v%  /'v' '**'^*^    '  *?    constant    and    satisfactorr  re^ 


%^^**.     .*    .^A.,  v-V*      .^^       *i^ 


sults^  Held  concludes  that  there 
can  be  no  fibrillarr  structure 
of  the  axis  CTlinder  if  bv  the 
term  tibriU  one  understands 
i$ob.ced  thxe:&ds  running  near 
one  ;uiocher.  loste^Mi  of  these, 
Htfid  tin'L?  alw^fcvs  a  network- 
••v^^"''>it,    '"v^  ■■""'^4C_    c-^     li**f   aprjearaaotj  which    in  hi:^ 

Hv..    M.     AviK  .vl,.Klir  in    touK    ".J    ■^'^^^'^'^   ie..-tl.)QS  B  iwn  to  be 

v.:v\N> >*.v.na  N.ai  .4  s'^i****  :;iiii4'i«.u   tfxtruuniiniirilv     deii«.'ate     and 
!»>,,       vtv;  iu  .Ki,  v»iK;.  V  uu.  I.    Lu ri:£-mesiie»i.       In     zms    mesb- 

V.  i\-.  V.  >>.  \     ^io.nuo..t;  U.U   ^'^^^^  '^^^'-^  ^*-*  ae:^l:rnA^e5  the 
.us;*.iv     iv^.Kii     iiuiH.hii   ^»it.ai   a.X'>5«^juniC' uni*.   ar»?    zo    be    sten 

vt-ry   minutv.  vtiicti   Lie   ^fn-er- 
.Liv  \i   »,ac    UvKiuI   iivkUiS  *ti  "iif    nt-rMrurs,   riioaicfi   somezim*^ 


^finuA^ 


'*•  '               -"         '-'-      '*^*«.      'i     ^-       '-L    •.         •'»\.iii-Mi    TT'n.  -urv 
•',^    '•*^'    >•  ■ *        •  .«*.    «»ti>  .»•.  ^  .    -;^)inii^    vrn     f'rtirrwfiTi 

.'  ^  '•  •         ■'*•    •.•..v*j;;,i  •!)«  lit  ••»   "'tt-     t-'i p'r ^un****-   n  ■^•w*' 
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have  been  observed  before  by  Biitschli,  Altmann,  and  others, 
though  but  little  attention  seems  to  have  been  paid  to  them. 
In  the  axone  hillock  the  neurosomes  present  constantly  a 
radially  converging  grouping  (Fig.  82).  Tliey  seem  to  be 
extraordinarily  numerous  in  the  terminals  of  many  axones, 
for  example^  the  mossy  and  climbing  fibres  of  the  cerebellar 
cortex,  in  those  ending  on  the  ventral  horn  cells  (Fig.  83) 
and  in  the  terminals  of  the  axones  of  the  peripheral  olfac- 
tory neurones.  Inasmuch  as  in  the  ground  substance  of 
the  dendrites  and  cell  bodies  of  the  neurones  the  neuro- 
somes are  much  less  numerous,  a  ready  method  of  distin- 
guishing the  protoplasm  of  terminal  axones  in  cytological 
preparations  from  that  of  other  portions  of  neurones  which 
lie  in  direct  contact  (or  concrescence)  with  one  another  is 
afforded  us.* 

Montgomery,!  in  an  able  paper,  has  denied  the  existence  of 
fibrillary  structures  in  nerve  cells.  He  supports  the  doctrine 
according  to  which  hyaloplasm  and  spongioplasm  are  the  two 
principal  constituents  of  protoplasm. 

Flemming  J  emphasizes  again  that  he  has  admitted  that  his 
fibrils  may  be  connected  by  oblique  fibres  running  from  one  to 
another.  He  maintains  that  in  any  case  the  longitudinal  fibril- 
lation is  always  much  more  pronounced,  and  that  it  can  often 
be  seen  when  nothing  in  the  way  of  a  transverse  fibrillation  is 
discernible. 

Various  attempts  have  been  made  to  connect  the  function 
of  conduction  through  the  protoplasm  of  the  nerve  cell  with 
one  or  another  of  its  finer  histological  constituents.  Apathy  * 
especially  is  convinced  that  his  "neurofibrils"  represent  the 
essential  anatomical  basis  for  conduction,  and  he  constantly  re- 
fers to  these  fibrillaB  as  the  conducting  element  (das  leifende- 
Element)  in  the  nervous  system.     Bethe  shares  this  view. 

•  Held  believes  that  the  fibrils  of  some  investigators — for  example,  those 
of  Dogiel — are  in  reality  identical  with  rows  of  neurosomes.  He  even  hints 
that  some  of  Flemming's  fibrils  represent  bands  of  neurosomes ;  other  fibrils 
described  by  Flemming  are,  Held  believes,  beams  of  the  cytospongium. 

f  Montgomery,  T.  H.  Studies  on  the  Elements  of  the  Central  Nervous 
System  of  the  Heteronemertini.  J.  MorphoL,  Bost.,  vol.  xiii  (1897),  pp. 
381-444. 

t  Flemming,  W.    Article  Zelle  in  Merkel- Bonnet's  Ergebnisse  der  Anat. 

u.  Entwickelungsgesch.,  Bd.  vi  for  1896,  Wiesbaden  (1897),  S.  218  ff. 

«  Op.  ciL 
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It  was  and  is  still  Leydig's  *  opinion  that  the  "  hyaloplasm  " 
of  the  nerve  cell  which  fills  up  the  meshes  of  the  spongioplasm 
represents  the  conducting  substance,  a  view  which,  in  the  main, 
was  supported  by  Xansen,  though  the  Arctic  explorer  assumed 
that  the  hyaloplasm  is  arranged,  both  in  the  axis  cylinder  and 
in  the  body  of  the  nerve  cell,  in  the  form  of  "primitive 
tubules." 

Other  investigators  assume  that  it  is  the  spongioplasm 
which  is  active  as  the  conducting  agent — an  opinion  which 
would  accord  well  with  the  ideas  of  MacCallum  f  with  regard  to 
the  contractility  of  muscle. 

The  hypotheses  of  Leydig  and  Xansen  have  been  vigorously 
opposed  by  Butschli  and  by  Pflueger.  Biitschli  himself  is 
strongly  of  the  opinion  that  the  framework  substance  of  the 
nerve-cell  protoplasm,  his  Wabengerust,  must  be  considered  to 
be  the  histological  substratum  of  nervous  conduction,  since  it 
alone  extends  continuously  through  the  axis  cylinder,  and  is 
accordingly  the  only  structure  in  a  position  to  underlie  the 
phenomenon  referred  to.  He  brings  forward  in  favor  of  his 
view  the  statement  of  Pflueger  that  nerve  fibres  can  be  excited 
only  by  means  of  currents  directed  longitudinally,  not  by  cur- 
rents directed  transversely. 

Held  argues  that,  in  view  of  the  possibility  that  the  so-called 
foam  structure  may  be  an  artefact,  due  to  the  fixation  of  the 
protoplasm,  it  is  premature  to  assume  that  the  meshwork 
seen  in  fixed  specimens  is  necessarily  the  conducting  substance. 
Even  if  it  does  correspond  to  the  structure  of  living  protoplasm, 
it  would  be  difficult  to  deny  for  the  delicate  transverse  con- 
necting bands  the  possibility  of  a  function  freely  granted  to  the 
longitudinally  running  coarser  beams  of  the  meshwork.  Held  is 
inclined  to  look  upon  the  ground  substance  of  the  protoplasm, 
as  a  whole^  as  accounting  for  the  function  of  the  propagation  of 
stimuli,  though  he  does  not  deny  the  possibility  of  the  tempo- 
rary existence  of  sections  of  this  better  or  worse  adapted  for  the 
function  dependent  upon  alterations  in  vital  chemical  constitu- 
tion. 

As  a  matter  of  fact,  tee  do  not  Jcnoio  the  exact  histological 

*  Leydig,  P.  Der  reizleitende  Theil  des  Nervengewebes.  Arch.  f.  Anat. 
u.  Physiol.,  Anat  Abth.,  Leipz.  (1897),  S.  481-464. 

f  MacCallum,  J.  B.  On  the  Histology  and  Histogenesis  of  the  Heart 
Muscle  CelL  -Anat.  Anz.,  Jena,  Bd.  xiii  (1897),  S.  609-620. 
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meehnnisni  m  the  protoplasm  of  the  nenroae  anderlying  tbe 
c  Dduction  of  what  we  call  nerve  stimali.  and  we  should  be 
willing  to  confess  it  If  we  form  hypotheses  concerning  it,  let 
ns  label  them  diEtinctlv  as  snch, 
and  take  care  not  to  grow, 
through  familiarit;  with  them, 
mto  the  idea  that  onr  bjpotb- 
'  eses  are  acioally  proved  facts. 
Von  Lenbossi-k*  has  brought 
the  nerre  cell  into  still  closer 
agreement  with  the  geneni 
cellolar  etmctare.  He  has  been 
able  to  demonstrate  within  cer- 
tain of  the  spinal  ganglion  cellj 
(Fig,  Si)  at  the  frog  the  pres- 
ence of  a  definite  ceutroeome 
and  attraction  sphere  (t'«i/f»- 
I  ipharir).  Biihler  t  snbeeqnent- 
I  ly  described  a  oentrosome  and 
I  attraction  sphere  together  with 
:  archiplasmic  radiations  in  tbe 
nerve  cell  of  the  brain  of  the 
lizard,  while  Dehler  X  has  dcm- 
oustrated  pole  corpuscles  and  attraction  spheres  in  the  sympa- 
thetic colls  of  the  frog.  Up  to  tbe  present  time  thei%  struc- 
tures to  which  very  important  functions  have  been  attributed 
by  many  eytologists,  have  not  been  demon:<trated  in  the  nerve 
cells  of  mammals,  with  a  single  exception  to  be  mentioned  im- 
mediately, but  it  is  not  improbable  that  the  evidence  for  their 
existence  iu  these  also  will  soon  be  forthcoming.  I  find  in  the 
second  portion  of  KoHiker's  text-boofc,  which  has  recently  been 
published,  that  he  has  found  centrosome  and  attraction  sphere 
in  a  giant  pyramidal  cell  of  the  posterior  central  gyms  of  a 


and     attrait 

^thetrug        tniu 

MiLsoD  ftter 

LtuhoH*k        The 

a  tr».   -n  s-h 

13  K«a  samlKd  a 

he    ji-plasm 

tar  Irvm  (he  du 

alluK  [ion  sphere  le 

"Xowu  Ehe  "in 

•  vuii  LeiJihu»iek.  M.  Ceutrowm  and  SphSre  in  iJen  SpiaalgBnglienicIlni 
lien  Frosi-hea.     Ari'h.  t  uiitr.  Anat.,  Bonn  (l«*al.  Bd.  \i»i,  S.  345~-30&. 

t  Biihler,  A.  l*roti>plasm»;?trui.'tur  in  Vunierhimzotlett  der  Riiiecbsr. 
Verhtuidl.  d.  |>hTs.-iuvd,  Gu^elL-sch.  iu  Warab,.  o.  P..  BU-  t^jt  (It^gs),  a  3(»- 


t  Dehter.  A,     Beitnig  iui  Kenntnia  van  feineren  Baadersrmpi 
Oau^tibiuelle  lies  i!*T08cb«t^     Arth.  L  luikr.  .VnaL.  Bodo.  Bd.  ilvi  (18B6),S^ 
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thirty-year-old  man.*  '  Schaffer  f  has  also  lately  described  cen- 
trosomes  in  the  ganglion  cells  of  cyclostomes,  McClure  J  in 
molluscs,  and  Hamaker  *  in  N  ereis. 

Margaret  Lewis  ||  has  described  centrosome  and  sphere  with 
radiating  fibrils  in  certain  giant  nerve  cells  of  a  new  annelid 
(related  to  Clymenella  torquata).  She  does  not  think,  however, 
that  the  evidence  yet  suffices  to  prove  that  the  central  cor- 
puscle and  sphere  of  nerve  cells  and  the  centrosome  and  sphere 
of  dividing  cells  are  equivalent  structures. 

The  significance  for  the  cell  economy  of  the  centrosome  and 
attraction  sphere  has  been  the  subject  of  considerable  contro- 
versial literature.  While  some  histologists  would  make  the 
centrosome  the  arch  power,  the  seat  of  government,  as  it  were, 
of  the  cell,  and  would  give  it  precedence  even  over  the  nucleus, 
others,  with  Watase,  look  upon  centrosomes  merely  as  modified 
cytomicrosomes. 

It  must  be  confessed  that  in  view  of  what  we  know  of  the 
relation  of  the  centrosome  to  the  phenomena  of  mitosis  a  raison 
cTetre  for  this  body  within  the  nerve  cell  is  at  first  thought  diffi- 
cult to  find.  It  might  be  assumed,  of  course,  that  it  has  re- 
mained over  from  the  last  cell  division.  If  the  old  view  were 
correct,  that  ganglion  cells  fully  formed  never  divide,  little 
reason  could,  perhaps,  be  found  for  the  persistence  of  the  cen- 
trosome. The  studies  undertaken  of  late  make  it  necessary, 
however,  to  hesitate  before  denying  the  possibility  of  division 
of  adult  nerve  cells  by  karyokinesis ;  in  such  cells  the  centrosome 
could  be  of  its  ordinary  significance.  There  is  no  ground  as 
yet,  however,  for  the  statement  that  the  centrosome  possesses 

*K511iker,  A.  Handbach  der  Gewebelehre  des  Menschen,  Bd.  ii,  Leipz. 
(1897).  S.  812. 

f  Schaffer,  J.  Ueber  einen  neuen  Refund  von  Centrosomen  in  Ganglien- 
und  Knorpelzellen.  Sitzungsb.  d.  k.  Akad.  d.  Wissensch.,  Math.-naturw.  CI. 
Bd.  CT,  Wien  (1896),  S.  21-28. 

X  McClure,  C.  P.  W.  On  the  Presence  of  Centrosomes  and  Attraction 
Spheres  in  the  Ganglion  Cells  of  Helix  Pomatia,  with  Remarks  upon  the 
Structure  of  the  Cell  Body.  Princeton  Coll.  Bulletin,  toI.  viii  (1896),  No.  2, 
pp.  38-41. 

•  Hamaker,  J.  I.  The  Nervous  System  of  Nereis  virens  Sars.  A  Study 
in  Comparative  Neurology.  Bull,  of  the  Mus.  of  Comp.  Zool.  at  Harvard 
ColL,  vol.  xxxii  (1898),  No.  6,  pp.  89-124. 

I  Lewis,  Margaret.  Centrosome  and  Sphere  in  Certain  of  the  Nerve 
Cells  of  an  Invertebrate.    Anat.  Anz.,  Jena,  Bd.  xii  (1896),  S.  291-299. 
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no  functions  other  than  those  concerned  in  the  division  of 
the  cell ;  indeed,  it  may  have  to  do  in  many  instances  with 
motor  activitioB  of  cells  independent  of  those  involved  in 
mitosis.  Besides,  the  existence  of  centrosome  and  sphere  in 
many  cells,  which  are  not  dividing  and  which  exhibit  no  defi- 
nite phenomena  of  motility,  make  it  likely  that  these  strnc- 
tures  are  of  value  to  the  cell  in  ways  other  than  those 
hitherto  suggested.  The  centrosome  in  nerve  cells,  as  in  other 
cells  of  the  body,  may  appear  solid  or  it  may  show  nnmeroiu 
centrioles. 

In  closing  this  chapter  reference  may  also  be  made  to  the 
peculiar  and  delicate  investment  of  the  cell  bodies  and  dendriUa 
of  neurones  first  described  by  Golgi  *  in  his  article  on  the  apinit 


cord  in  lS8i,  published  in  the  Encydopedie  m^dicale.  Accord- 
ing to  the  Italian  observer  this  investment  presents  varione  ip- 
pearauces ;  ^metimee  it  is  a  reticular  structure ;  sometimes  it 
forms  a  continuous  homogeneous  layer ;  sometimes  it  appeait 


•  L't.  iklKu  Uulgi,  C.  Iiituruu  air  ori^ina  del  if  uurto  nerro  cerebnlF  »  ii 
una  quaaiiuiie  isto-flaioloKk-a  vhi  a  qutsiu  arKumento  si  (.■oUega.  Bntlk.  d. 
E.  .\i.-c«iL  d.  Liin.-«i  1 18U3).  ii.  VKneh  'I'ntusL  ia  An-b.  iUJ.  .Je  bioU  Tnru, 
L  sii  (ItttW).  pp.  •;54-174.  AIjo.  Sur  ta  structure  <les  cellulis  g 
Aix'h.  tul.  <ia  bioL,  Turin,  t.  iaa  (l;ft*»i,  pj).  (W-TL 


Fiu.  86. —Pericellular  networks  helieved  hj  Held  to  be  Tanned  by  the  b 

■•f  aiunes,  Uolf{i  prepHJBtiong  from  a  cat  twenty  days  nid.  SectionB  70  (i, 
thick.  (After  H.  Held,  Arch.  f.  Anat.  u.  Physiol..  Lcipc.  1R9T,  Anat. 
Abth.,  Sqppi.  Bd..  TaT.  liv.  Fim.  5,  7,  aod  8.)  A.  Cell  with  network  froni 
nucli^uH  ncrvi  crKhlcariH  ventratifl.     Tho  pericellular  network  anrrounda  the 

'     -"he  flhr 

Hcrihed  _„ „  , 

A  Join  the  Kcneral  pericellular 

Part  or  the  netwurk  around  a  cell  in  the  nuclens  nprvi  vestib- 

ulariH  latoralis  (Deiterg),  Ht'ld  helievea  that  the  thickenings  in  the  net- 
wcirk  may  correspiind  tii  the  agfiregations  of  neuronomeB  which  stain  in  iron- 
btematoicylin  preparstionH.  a,  b,  c,  d,  e,  f.  aionef  which  help  to  form  the 
nctnurk.  ('.  Part  of  the  network  around  a  cell  of  the  nui^leua  nervi  rnch- 
iearin  ventnilis;  the  anastomoBen  of  the  coaraer  Bubdivisions  of  the  flhrea 
a  and  b  and  the  larger  swellings  of  the  threads  of  the  network  are  clearly 
TUble. 
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afl  a  mosaic  of  delicate  scales ;  not  infrequently  it  presenU 
markings  which  probably  correspond  to  the  imprints  of  nerre 
fibres  or  other  fibres  impinging  on  the  nerve  cell.  The  reticu- 
lar variety  seems  to  be  most  common ;  it  may  invest  the  whole 
of  the  cell  body  and  be  followed  out  upon  the  branching  den- 


Fio.  ST.— N'ctnorkflaboat  pFrihnryon  and  dendrit^H  demonstrable  bT  the  method 
<if  B<-the.  (After  F.  N'iml.  Munclicn.  med.  Wclingi'hr..  B<1.  ilv.  IKUH.  S.  1(04. 
Fi)t,  I  u,  3.)  A.  Nerve  cell  (Wini  the  nucleus  dcnistUH  of  a  dog.  B.  Serve 
veil  frum  Di^iti-rs's  nuck-UB  of  b  rabbit. 


drites  as  far  as  the  sabdivisions  of  the  second  and  third  order ; 
npon  these  branches,  however,  it  loses  its  reticular  nature  in 
order  to  assume  the  character  of  a  homogeneous  layer.  Golgi's 
illustrative  figure  is  reproduced  as  Fig.  85.  As  to  the  exact 
nature  of  the  substance  concerned,  Golgi  speaks  vaguely,  sug- 
gesting that  it  may  be  of  the  nature  of  neuro-keratin,  though 
his  digestion  experiments  with  trypsin  and  gastric  juice  are  not 


THE   INTERNAL   MORPHOLOGY   OF  NEURONES.        153 

decisive.     Similar  investments  have  been  described  by  Lugaro  * 
and  by  Martinotti.f 

Held  J  describes  and  pictures  (Fig.  86)  pericellular  and 
peridendritic  networks  demonstrable  by  Golgi's  method,  which 
he  believes  are  formed  by  anastomosis  of  the  subdivisions  of  the 
fine  axones  terminating  there.  In  what  relation  these  stand,  if 
any,  to  the  pericellular  investment  of  Golgi,  further  work  must 
determine.  Bethe  by  his  method  also  finds  pericellular  net- 
works forming  "  stockings,"  as  it  were,  drawn  over  the  peri- 
karyon and  the  dendrites.     These  are  illustrated  in  Fig.  87. 

*  Lugaro,  E.  Sulla  struttura  del  nucleo  dentato  del  cervelletto  neiruonio 
Monitore  ZooL,  Plrenze,  vol.  vi  (1895). 

t  Martinotti,  C.  Su  alcune  particolaritA  delle  cellule  nervose  del  ini- 
doUo  spinale  messe  in  evidenza  colla  reazione  nera  del  Golgi.  Gior.  d.  R. 
Accad.  d.  raed.  d.  Torino,  an.  lix  (1896).  French  Transl.  in  Arch.  ital.  de 
bioL,  Turin,  t.  xxvii  (1897),  pp.  253,  254. 

X  Held,  H.  Beitrftge  zur  Structur  der  Nervenzellen  und  ihrer  Fortsfitze. 
Dritte  Abhandlung.  Arch.  f.  Anat.  u.  Physiol.,  Leipz.  (1897),  Anat.  Abth., 
Suppl.  Bd.,  S.  272-312. 


CHAPTER    XIV. 

SUMMARY    OF   OUR    KNOWLEDGE    UPOX   THE    INTERNAL 

STRUCTURE  OF   NEURONES. 

Conflicting  riews  regarding  cell  organization  in  general — Siunmarj  of  the 
existing  state  of  knowledge  concerning  the  internal  stractnre  of  neu- 
rones. 

It  must  be  obYioos  that  the  idea  entertained  bj  any  giren 
investigator  regarding  the  ultimate  structure  of  the  nerre  cells 
is  colored  deeply  by  the  opinion  which  he  holds  as  to  the  nature 
and  structure  of  protoplasm  in  general.  Until  some  agreement 
has  been  arrived  at  among  cytologists  regarding  the  latter, 
we  can  scarcely  hope  for  a  unanimity  of  opinion  concerning  the 
former.  It  is  not  necessary  here  to  discuss  in  detail  the  diverse 
theories  bearing  upon  the  nature  of  protoplasm.  A  whole 
series  of  them — the  micellar  theory  of  Xageli,  the  network 
theory  of  FnMnmann,  the  thread-framework  theory  of  Flem- 
ming>  the  foam  or  honeycomb  theory  of  Biitschli,  the  jdasome 
theory  of  Wiesener^  the  bioblast  theory  of  Altmann,  as  well  as 
many  others — ^have  been  fully  outlined  and  compared  in  sevenl 
places.**  The  majority  of  histologists  and  zoologists  can  not 
ccmceive  of  the  cell  as  the  elementary  organism  of  the  body^  but 
postulate  the  existence  of  units  or  elementary  organisms  muA 
smaller  than  cells,  f     Those  who  are  interested  in  deTelopmental 

♦  Cf.  Uertwig,  O.  Die  ZelJe  und  die  Gewebe,  Jena,  I8tt3  ;  Camov,  J.  R. 
and  U.  Lebrun.  La  cytudiei^s^e  de  Tueuf.  La  vesicule  germinotire  eC  les 
i$lobuiei»  polaires  chez  let*'  batractens*  Cellule.  Lierre  and  Loav&in«  t.  xn 
( IS97)»  pp.  1^^395 :  and  especially  for  a  brief  but  tJio rough  critical  reritw 
consult  Waldeyer,  W.  Die  ueueren  Ansicbten  ilberden  Ban  und  dasWeses 
der  Zelle.  Deutsche  med.  Wchnschr.,  Leipz.  u.  Beri.  (1>105),  x-gi,  708;  727; 
7S4:  776  ;  SOO;  S46.  For  au  admirable  review  of  the  modem  literature  coo- 
eeruing  the  finer  structure  of  the  cell,  in  whicb  many  orijdnai  obserr^ioBS 
are  included,  the  book  of  £.  B.  Wils^on*  which  ha»  recently  been  pnbti^ii^ 
^Mi titled  The  Cell  in  Development  and  Inheritance*  N.  Y.  tl-wh,  '^'xk  b 
heartily  recommended. 

f  The  reader  who  intere^s  him:self  in  thi»  side  of  cytologr  is  referred  to 
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relations  and  their  bearing  upon  heredity  have  perhaps  gone 
farthest  in  this  direction.  Roux,  an  apostle  of  the  mechanical 
theories  of  development,  not  only  assumes  the  existence  of  ele- 
mentary organisms  within  the  cell,  but  classifies  them  into  a 
number  of  varieties  corresponding  to  their  main  characteristics — 
for  example,  into  "  idioplassonten,"  "  isoplassonten,"  "  automeri- 
zonden,"  "  autokineonten " ;  and  those  who  are  familiar  with 
the  writings  of  August  Weismann  will  remember  the  enormous 
significance  which  is  attached  to  his  "  biophores,"  "  determi- 
nants," and  "  ids." 

In  fine,  the  status  of  our  knowledge  about  the  internal  struc- 
ture of  the  protoplasm  of  nerve  cells  may  perhaps  be  summed 
up  as*  follows :  A  neurone  is  made  up,  like  all  other  cells,  of 
nucleus  and  protoplasm.  In  the  latter  a  centrosome  and  a  so- 
called  attraction  sphere  are  present ;  at  least,  they  have  been 
demonstrated  in  a  certain  number  of  nerve  cells.  The  protoplas- 
mic portion  of  the  cell  can  be  roughly  divided  into  a  peripheral 
exoplasmic  portion  and  a  central  endoplasmic  portion.  In  neu- 
rones, as  in  muscle  cells,  though  less  distinct  in  the  former  than 
in  the  latter,  there  is  a  tendency  to  a  fibrillary  structure,  the 
fibrillation  being  more  pronounced  in  the  peripheral  exoplasmic 
portion  of  both  nerve  and  muscle  cells  than  in  the  endoplasmic 
portion  of  the  protoplasm.  In  both  exoplasm  and  endoplasm 
there  can  be  made  out,  in  tissues  which  have  been  fixed,  a  more 
or  less  homogeneous  ground  substance  in  which  are  deposited 
larger  and  smaller  masses  of  a  granular  nature.  The  ground 
substance  corresponds,  in  tissues  fixed  with  alcohol  and  stained 
by  the  methods  of  Nissl  and  Held,  to  the  "  unstainable  sub- 
stance "  of  Xissl,  and  the  masses  of  granules  to  the  '^  stainable 
substance  "  of  Xissl  and  the  pigment. 

The  "  stainable  substance  "  of  Nissl  (the  tigroid  substance 
of  von  Lenhossek)  in  tissues  of  healthy  animals  of  the  same  age 


the  following :  Graf,  A.,  The  Individuality  of  the  Cell,  with  an  Introduction 
on  the  Application  of  Cellular  Biology  to  the  Problems  of  Pathology  by  Dr. 
Van  Gieson,  State  Hosp.  Bull.,  Utica  (1897),  ii,  pp.  169-188;  StChr,  A., 
Letzte  Lebenseinheiten  und  ihr  Verband  zu  einem  Eeimpl^ma  Leipzig  u. 
Wien  (1897) ;  Meyer,  A.,  Die  Plasmaverbindungen  und  die  Membranen  von 
VoIyox  globator,  aureus  und  tertius,  mit  RQcksicht  auf  die  tierischen  Zellen, 
Bot.  Ztg.,  Leipz.,  Bd.  liv  (1896),  No.  11-12 ;  and  von  K^lliker,  A.,  Die  Ener- 
giden  von  v.  Sachs  im  Lichte  der  Gcwebelehre  der  Thiere,  Verhandl.  d. 
phy8.-nied.  Gesellsch.  zu  WUrzb,  n.  P.,  Bd.  xxxi  (1897),  S.  1-21. 


\i^^\  THK  NKUVOUS  SYSTEM. 

^\\\\\  f«)H'oioii,  kiUin)  in  u  pn'soriboii  manner  and  submitted  to 
\\w  mM^to  MU'thod  of  thin,):  and  staining,  is  tolerably  constant 
\s\  rtj\jMHn^n\n^  and  arranj^*mout  in  the  cell  bodies  and  den- 
dvU*^  ^>f  {\\^  ?»anu^  jrrxnijv?  of  nonre  cells,  a  fact  of  extreme 
^^>^^sMtx'*n%^  U^r  nor\x>  anatomy  and  i^atholc^.  The  axones,a& 
\\>*U  {**  iUoiv  h\lUvk?i  of  orijrin  in  iht*  Kviiesi  of  the  nerve  cells, 
^^)^)v^:^v  h>  W  ^ntuvU  doxo;d  of  ihe  **$aainable  substance^  of 

Whoihi'V  th^  ^lA.-nA hV  >:r/!>?;:ja>ry«  iY-pT>e**eiii  bodies  precipi- 

f<*i>M  •^^^^>n  v.vr,nATj  thT»-o;^-"h  \h<'  a:-i:)»-»ii  i»i  T^titTrijis  or  bodies 

1 V  5!^-i  TATi  a!  tiviiHt:  ^T  -m-h-n/^iii:  n^i'Tu^  xl  zht  tiAra-riird  lissj-nes, 
i^,x.>^ .  1 1 ^n  o) ) «  rwv  r-f  •  •  r>it  }*  /»^  rh*  sT*t  nui  1 1 1  <  :sd  hj^uiu  ( •<•  6  •  WTi  d>  li  pc^n 

^,  ^,.,>,%r.^;  J:  fv  K,^n  n»Hi  th»  s^^•4^1t*'<;  iit^Titr  a"!  tlit  xunctn^  iir 
Y^.^.^i^   v.N^-n^Mtiro-K  <>><'!.  N(    «'i^Tn'»n<trrtt'^:   viur^l    suui:  "«rra.   ♦»7- 

tT«>1,  TV>"^^  <>!  t  *>»  •n^^n^TiT}^  iUr<t  «Tf  «rT».TL:r*Hi  Hi  T0T;=^  TUTS 
tS.    V'i>nr«ir.»r»»  iriTt.  1  ^<»\li^l.    <f»Tn«'t  ITP**-    Tfi"*    fiT»l)(ifl^     l"      IV     H    "Hit 

I.,.     »;.«!.  Ph  .  n"'1'M"r-'  fl-^tjlirtr^'fii-    r>Tr»cir}r-^    r%xC-    tU-     niTi'lunfr 

tr,.-,.  T-v    -,      ^♦.''••^v.    ;;    y\'  *'\^  •■''K.  '^tM^'^s    «.;    b«>r,f  v*''iiin'     KTWJt*fie    J>tjIh- 
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fibrils,  or  Engelmann's  longitudinal  rows  of  neurotagmen  ad 
normam  inotagmen,  we  do  not  know.* 

Should  intercellular  substances  other  than  the  lymph  and 
neuroglia,  of  a  fibrillary  or  more  homogeneous  nature,  sometime 
be  demonstrated,  it  would  not  be  surprising,  but  thus  far  the 
proof  for  the  existence  of  such  substances  is  wanting. 

We  can  scarcely  hope  for  a  clearer  understanding  of  the 
structure  of  nerve  cells  until  our  general  cytological  knowledge 
has  been  extended.  If  too  great  a  degree  of  importance  ap- 
pears to  have  been  attached  to  the  work  which  has  been  done 
upon  the  structure  and  nature  of  the  substances  within  nerve 
cells,  two  ideas  have  influenced  me ;  in  the  first  place,  the  topic 
is  one  which  has  been  too  little  considered  in  the  text-books 
and  too  little  respected  by  research  workers  in  neurology ;  and, 
in  the  second  place,  the  bibliography  is  becoming  so  complex, 
and  in  places  so  confusing,  that  I  have  felt  that  a  connected 
risuinS  of  the  work  of  others,  together  with  an  expression  of 
opinion  regarding  the  relative  value  of  the  different  researches 
based  upon  personal  studies  in  this  field,  might  not  be  unac- 
ceptable to  those  who  from  want  of  time  or  other  reasons  might 
find  the  bibliographic  studies  burdensome. 

One  thing  is  certain :  before  we  can  hope  for  a  satisfactory 
pathology  of  the  ganglion  cell,  we  must  have  before  us  clearly, 
as  Nissl  states,  a  sharply  defined  anatomy  of  the  nerve  cells. 
The  establishment  of  any  relations,  no  matter  whether  they  be 
structural  or  functional,  so  long  as  they  are  constant,  must  al- 
ways be  welcomed.  We  are  too  often  inclined  to  undervalue  an 
enthusiasm  for  facts,  especially  when  these  at  the  first  view  ap- 
pear trivial  and  insignificant,  but  we  have  been  taught  the  folly 
of  such  depreciation  more  than  once  in  the  progress  of  ana- 
tomical and  especially  of  histological  knowledge. 

*  The  general  physiology  and  pathology  of  the  neurone  will  be  considered 
in  Section  V. 


SECTION  TV. 
THE  HISTOGENETIC  RELATIONS  OF  THE  NEURONE. 


CHAPTER   XV. 

THE  DRIOIX  OF    THE    NERVOUS    SYSTEM     IX  THE   EXBRTO  AXD 

THE   EARLIEST   HISTOGEXETIC  STAGES- 

Embrjologf  of  the  nerrocs  system — The  medallarj  plate — ^The  neonl 
tube — Primary  cerebial  Tesicles  and  their  dertratiTes— SpoagiobLssu 
Mid  neorospofigium — ^The  marginal  Teil  {Randxhleier  of  His)— Oct- 
minal  cells  {KtimzelUn  of  His) — The  neoioblasts — Origin  of  axones  ud 
dendrites. 

Havixo  had  so  much  to  say  concerning  the  extmnal  ap- 
pearances and  internal  stmcture  of  neurones  in  late  embryonic 
and  adult  stages,  it  would  scarcely  be  fair  to  close  these  mor 
phological  considerations  without  dealing  to  some  extent  with 
the  form-relations  to  be  met  with  in  the  domain  of  the  nervoiis 
system  earlier  in  the  history  of  the  organism.  For  not  only  hss 
the  study  of  the  embryology  of  the  nervous  system,  as  I  hare 
pointed  out,  contributed  enormously  to  the  development  of  our 
modem  conception  of  nervous  organization,  but  the  investiga- 
tions, on  account  of  the  accuracy  with  which  they  have  been 
pursued,  and  especially  in  view  of  the  light  they  have  thrown 
upon  processes  and  arrangements  which  before  their  advent 
were  almost  hopelessly  unintelligible,  are  surely  worthy  of  onr 
serious  attention  and  command  our  thankful  admiration. 

The  study  of  embryology  attains  its  maximum  of  interest  in 

the  consideration  of  the  development  of  the  human  nerrous 

system.     It  is  not  my  intention  at  this  time  to  review  what 

must  already  be  familiar  to  all — ^the  processes  of  fertilization  and 

of  segmentation,  the  formation  of  the  medullary  plate  and  of 

the  medullary  groove,  the  forerunners  of  the  nerve  tube — ^nor  to 

describe  how  it  is  that  the  three  bulgings  (anterior,  middle, 

and  posterior  cerebral  vesicles)  at  the  head  end  of  this  simple 
168 
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tube  (Fig.  88),  which  correspond,  ihejirgt  to  the  fore-brain  (teleo- 
cephalon)  and  inter-braio  (diencephalon),  the  second  to  the  mid- 
brain (mesencephalon),  and  the  /kird  to  the  hind-brain  (meten- 


Fio.  BS.— Anterior  portion  of  thi;  body  of  n  chick,  the  heftd  distinctly  lilflVrfiiti- 
sh^l:  HefUlVom  the  siirfai-v.  |Aft4.-r  J.  Kollmann.  U'hrbuch  d«r  Entwicke- 
lungHgischichte  des  MrnwheD,  Jena,  1898,  8,  199,  Fig.  120.) 

cephalon)  and  after-brain  (myelencephalon),  gradnallj  undergo 
those  metamorphoses  which  ultimately  yield  the  complicated 
brain  Btrncture  charaoteriBtic  of  the  adult.*    The  relations  will 


•The  results  of  the  studies  of  His  upon  the  gross  morphology  of  the 
human  nervous  syft«m  during  development  hare  been  made  accessible  to  all 
through  his  publieations.  and  espcciall;  by  means  of  an  excellent  seriesof  exact 
w»i-model  reproductions.  Based  upon  these  we  have  been  supplied  for  the 
fint  time,  too,  with  a  nomenclature  for  the  nervous  structures  which  meets 
the  demands  of  embryology,  comparative  anatomy,  and  clinical  neurology — 
a  nomenclature  the  use  of  which  I  cau  not  too  strongly  recommend  to  those 
who  have  occasion,  in  writing  or  tesching,  to  make  use  of  neurological  terms. 
Cf.  Section  NeuroloKia,  in  Die  anatomiscbe  Nomeuclatur.  Nomina  Ana- 
tomica.  VerMlchniss  der  von  der  anatomischen  Oesellschaft  auf  ihrer 
ix.  Vers,  in  Basel  augenommenen  Numen.    Eingsleitet  und  erlftutert  von  W. 


lito 


THE  NERVOUS  SYSTEM. 


W  suttioienUy  olear  if  the  reader  study  carefollT  the  diagrams 
(b\ir5^  StM>.?)  here  inserieil  with  their  appropriate  legends. 


Kk..  >H.     Htvii.iu  ><»ft«'ii  !hr>»uji«i  "IH'U'vm  'vjinaa    >niin    tt  ^bv  ►*«!!  nt*  dw?  litsi 
luviiviu       AiUi  W.  UlSw   Vrva.  ;".    Vuui.   i,  l*'iy>i«iu.  AiiiAt.  Ai»cti..  Lc-ipz^  LatiCL 


li.  U    IN.iu-^ 


A    1.  t.'  !■>••»*-» I iim. 
Ill-   !<iiiuii-'». 

Ill    i.   ;>r:ii.iua  <i»U4'iuctivak  V*-L  DMiL  ant 
IV.    Ht"><;U\*  i»a;»i.i«it. 
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The  derivatives  of  the  three  cerebral  vesicles  are  outlined 
in  the  accompanying  table  on  page  163. 

Nor  shall  I  permit  myself  to  digress  and  describe  to  you  how 
from  the  moment  of  fertilization,  throughout  the  gradual  process 


Fig.  90. — Model  of  developing  huniau  bruin.  (After  W.  His,  Arch.  f.  Anat.  u. 
Physiol.,  Anat  Abth.,  1892.)  Br.,  pons  curve  ;  C.  o.,  chiusma  opticum  ;  (7.rf., 
corpus  striatum  ;  E.,  cmenentia  interpeduncularis  of  the  isthmus ;  F.  eh.,  fis- 
sura  chorioidea;  F.  i.,  fossa  interpeduncularis;  Hb.,  tegmental  projection; 
HCb.,  cerebellar  hemisphere ;  /.,  isthmus ;  L.  (.,  lamina  terminalis ;  M.,  cor- 

Eus  mammillare;  Mh.,  roof  of  mid-brain  ;  P.  «.,  hypothalamus  (pars  subtha- 
imica  > ;  v.  R.,  anterior  olfactory  lobe  ;  h.  R.,  posterior  olfactory  lobe ;  R.  o., 
recesBUs  gcniculi ;  R.  m.,  recessus  mammillaris ;  R.  i.,  recessus  infundibufi ; 
R.  o.,  recessus  opticus ;  8.  m.,  sulcus  Monroi ;  T.  c,  tuber  cinereum  ;  TA.. thal- 
amus;  Z.,  corpus  pineale. 


for  anterior  and  posterior  respectively,  and  perhaps  in  a  few  other  par- 
ticulars. Why  the  Commission  on  Nomenclature,  usually  so  happy  in  its 
decisions,  neglected  to  use  the  terms  ventral  and  dorsal,  instead  of  anterior 
and  posterior,  with  regard  to  the  roots  of  the  spinal  nerves,  I  find  it  difficult 
to  understand.  The  nomenclature  elaborated  by  Professor  Wilder,  of  Cor- 
nell University,  is  used  by  a  large  number  of  American  anatomists,  and 
Mills  has  followed  it  consistently  in  his  recent  clinical  text-book.  The 
terms  of  Wilder  and  the  equivalent  terms  of  the  Basel  Commission  are  to 
be  found  in  the  article  of  Professor  6.  G.  Wilder,  entitled  **  Neural  Terms 
^International  and  National."  J.  Comp.  Neurol.,  Granville,  O.,  vol.  vi 
(1896),  pp.  215-352.  In  order  to  save  space  they  have  not  been  introduced  in 
brackets  in  this  book,  but  the  reader  accustomed  to  this  nomenclature  may 
refer  to  Professor  Wilder's  tables. 
12 


(Aft«»r  H^  Aivli,  t  XwA,  n.  Pliysiol,,  AmtL  Abtli.,  ISA.  a  175, 
f^R.  ft. )    "nte  Ycttv'rini;  is  to  be  ixiteJ7ff>et<«d  in  ti>e 
for  Fijf.  8ft.     I  r»4f  «i^pr«.  > 


Svlnis  Hnjrwli  (fNim  «KdA^(mtal^) 


Fift.  fS.— Vftdmti  itts^tmn  thrmiirh  nduli  hnimn 
hmiti.  t  Afirr  HK  Arrh.  f  Aimt.  u.  Phv«nl., 
Aimt.  AHth..  1«m,  S  17i6.  Fi|;^.  l^Ptberliig 
iMim* »  iti  Fife.  W.     <  I'^Mr  Mifm.  • 
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of  thodovolopiiuMit  of  the  embryo,  influences  of  different  kinds, 
i4\ioh  tiM  vuriutiona  of  temperature,  of  the  oxygen  supply,  and  of 
othor  (H>uditiim»  of  environment,  or  trauma  leading  to  injury  of 
|HirtioUH  of  tho  i'gg  or  of  the  segmentation  cells,  can  give  rise  to 
Uu»i40  uufortuuttto  caricatures  of  human  beings  which  we  com- 
luoiUv  iiciii^natc  as  monstrosities,  and  for  the  origin  of  which 
c\)Hnnmcutal  teratoU>gy  has  during  the  past  few  years  been 
attempting;  to  supply  us  suitable  explanations.* 

Th^  histo^cuetic  relations  of  the  neurones  and  of  their  sup- 
)KU*tiu^  structure  must>  however,  be  dwelt  upon  briefly;  and 
the  d^-^cription  hew  given  is  drawn  largely  from  the  writings f 

sfvju.  ^Mihol  M^^rphol.  u.  Phv^ioL     Wiesbadsja  U895).  S.  541. 

>  Cho  |^riiicip«il  ^»uL»IivALk»tts  of  W.  His  which,  an*  Liiten»tiii^  in  Uik»  cod- 
iKviioii  jwv  U>  A»»i*tv;mie  mensc'hlicher  Kinbryiinea.  Leipz.  (2)  Ueber  die 
AiifHiJ^;^  Jcs  ^vnt^hcnsfheu  NervijasystemeSk  Anrh.  L  Anafi.  a.  PhjsioL 
AiK*i.  Abih.,  Lv'il»^.  i  IST^IK  S  45.V-tt^  ui)  Zur  tjrtjschichte  ties  iiieii:«ehiicbeii 
KiK'licniiiiii*kc«i  mill  Jvr  Nervmiwunswhi.  Abh*  der  niach.-ph.T>*^  C'L  derL 
NU-'hs.  (.iiv-v  dcr  Wibfii..  BU.  \jii»  Nu.  ^  Leipa.  il^^^\  S.  47!>^>13.  i4)  Znr 
v.u:M.hichio  dcji  U  eh  litis  Nuwiti  dar  oviicnUea  und  p«ripheri2!«!liea  ^i 
(kUwK-a  bvuu  iHous<*hiicheu  Kttibrvu.    Abhaniil.  *L  mach.-puy^  OL  *L  k. 

ivbiHcvii'u    uiivl   tiyreii   Ktustehuu;^   iin   ^itibrviiniilea    Mitrk.     Utf^i^  &L  xr. 

luhcu  Vwuiijlimis  VMiii  Kinit*  livs  tirsitMi  bis  2um  IWidnn -ies- lirrrr^Mi  M»j 

KiKu  liiHiiuuiurH*.  v.nu  Kiuif  its  »^i>tt'ii  bi*  .:uin  Bfsnnn  'ii»  LrTrtrti  %*■ 
uu;js  I.  V\-t.aiit;viMt'>  Hurk.  /^*a.»  bki.  \Mi^  Lei|ne.  IJ^I;»S.  t-r-4.  -?*•  Zar 
:ui^cuuiUvU    Hi'it'iK'iosti^  «ies  «.»«.*!» I rmk    Vn'h.    f.   AuaC.   u.    Physioi^  AaaC. 

V:»».a.,  L'4{'^  INftJi,  S  UtKJNJ*  y^  L'.'iHjr  iateh  fri>ntm©  Ende  •tt»-  «Tr**flirtt- 
fvaic*,      V.vU.   t\    Vaui.  ■».  I'hvMuu,    Viij»i.    Aniiu  Loipx.    1H^»  >.    LTT-ITL 

)*»»  V-i^k  .i.:ii;c  '.ur  :'.:iKii<.iluu)<  i^j^^iemncs.  /Axi^  >.  I7!i— 17!K  I'  Z-*WT 
'iKviUk.i*'**.  .K'  v,ii  uiiu^«'iit»*tva;*»  ■  t^jftjs^iitfr  K'^niit*uuil<iunsc.  Arrh.  £  AnaL.  x. 
r'uvN^v*..  Vuu;.  ViKiK.  ULi^'i,  KS*4X  S  !-,^^.  ^  l*i)  f '-DMr -iie*  Virsnu^n -iir 
•  iva.tu  iiui  iti  cv  5.-.bii.iUjifi^  »%ji  \VinH?«t!iier*»iu  Ih*d^  1HK»  S.  -H;! 
t*'  :    iK    c^'vii*  'i    HiJ    {»u  iv^itnn;^  ui«ir>?5<s*fS'i|.»»jii  ^rn«?  »f  •ti»r;^rnenu 

■i   .it>^  '^..iK.    111.  'CiWici    s.  -vierrvu  'u  •  h  -li^s  ^V.,  ;!i<^U!£*»ntrsc  ^m\i  Sr». 

Uso.Ufc:i^  .ti  \fk  vtavusoAviii*?.  '*  •^iMiiinu^il.  i.  \«  nirmat.  'nt^L  « '  ttiii;  B^R» 
i-  •.    V  .^..  :o4KA     iki.    I,  X  Vi.     Iteri..  :s»l :    ui.i   Ji  ;!l>»  'Y..  ^:  -iy>*r  tiHi  Aif- 

\.K  .v.v,i<.vU    niK-.»*    ttkjoA    u    •.rif;.»i>u    i    vU     tif    it».«ntiur»»   iii»>tt  'tw  ii'»m 

J  -•.^v^k.    *    4X"   Kkui^^t    tt.;t(.a.>  ->»j<,«iu    11    ts    'ifcftv  -oo^cHsk.    >    o    j^  'I mnii  a 

'-     N  Si;«^  V  "»    i<«>u.Aa    '»:uo«  ^i.iiij;^*,    »^».   "j^jij-Ttzi^   uiti    u     de   *ctiL'«<'    it  "ar 

■^.•^  •••'•>«»     1*     H<»Jvw-    H.U4H.I.  <     %r%liJU»c<J>c  viHr     \L2tkLoium     iini    "'liltWJVlik^ttJnS!^ 


^o"^ 
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Fig   03— Sectim  .. 

Am  n^  tl  e  epithdiHl  n 
ipniiiniil     e]^  nilh  cipar  int  ila 
\e     (AfttrHiK) 
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and  lectnrea  of  His,  At  an  early  period,  the  medullary  plate — 
which,  as  every  one  knows,  has  its  origin  in  the  external  leaflike 
layer  of  the  embryo  the 
ectoblaet,  the  same  layer 
which  gives  rise  to  the 
skin  and  its  appendages 
— ia  made  np  of  a  smgle 
layer  of  nucleated  epithe- 
lial cells  placed  side  by 
aide(Fig.  93).  Theplanee  ' 
corresponding  to  the  two 
ends  of  the  epithelial  cells 
represent  the  upper  and  lower  surfaces  of  the  medullary  plate, 
and,  after  the  formation  of  the  medullar}  or  neural  tube,  the 
inner  and  outer  surfaces  of  the  nail  of  the  tube,  the  inner  sur- 
face of  the  wall  of  the  tube  thus  obviously  corresponding  in 
its  origin  to  the  outer  surface  of  the  embryo.  The  nuclei  of 
the  epithelial  cells  of  the  plate  do  not  all  lie  at  the  same  level, 
bat  form  several  rows  corresponding  to  differences  in  the  dis- 
tribution and  arrange- 
ment of  the  protoplasm 
in  the  individual  cells 
(Fig.  94).  The  nuclei 
are  rarely,  however,  situ- 
ated at  the  ends  of  the 
cell,  so  that  very  soon 
the  medullary  plate,  as 
seen  on  transverse  sec- 
tion, can  be  divided  in- 
to three  more  or  less 
Fig.  »i.-Setti..n  through  n.-uml  tuhc  which  U  distinct  ZOnes— a  mid- 
bt'Kinning  lu  ciimp.  The  minibiT  of  ppithoiiBi  die  zone  Containing  the 
nuclei  IS  cunxiilcrBbly  increawil,  nnil  in  (he  ,   .         ,  ,       , 

diflbrentr«llH  they  do  not  lie  at  the  HBine  level,  nuclei  and  two  border 
Two  large  ftenuinalcellH  are  vUihletowunl  the  -„„„=  frpp  frnm  niii.loi 
inner  mirtaw.     (ABerHis.)  ZODCS  tree   Irom    nuclei. 

These  laBt  two  are  made 
up  of  the  protoplasmic  ends  of  the  epithelial  cells  and  behave 
very  differently  in  their  further  differentiation.  In  the  proto- 
plasm of  both  ends  of  the  epithelial  cells  hyaline  areas  resem- 

clearlj  presented  in  J.  Kollmvin'a  Lehrbiich  der  Entwickehingsgeschichte 
den  Menschen.  Jena,  1898.  The  many  valuable  contributions  of  von  Kupf- 
fer,  of  Munich,  ma;  also  be  referred  to. 
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bling  TUcuoleB  Boon  appear.  Id  the  distal  ends  of  the  ceUi 
(that  is,  the  ends  directed  toward  the  outside  of  the  body 
in  the  medullary  plate,  or  those  directed  later  toward  the  inside 
of  the  medullary  tube)  the  cell  bodies  tend  to  collapse  bo  as  to 
form  a  series  of  striated  pillars  with  spaces  between  the  indi- 

<~^^_ vidual  cells.     The  free  ends  of  the 

A  ^\  .\  ,v^  \  ,  J~  cells  retain  their  original  breadth, 
1  /,'  I  \\  \/-f  and  with  those  of  neighboring  celU 
I  '  '  form  a   thin   limiting   membruie. 

,  The  proximal  ends  of  the  cells,  in- 

stead of  collapsing,  asBDme  a  ra^ed. 
irregular  appearance,  the  proto- 
plasm becoming,  according  to  Hi$, 
manifoldly  perforated,  so  that  the 
framework  between  the  perfora- 
tions yields  a  reticalated  appear- 
ance (Fig.  95).  For  a  time  the 
boundaries  between  the  individual 
cells  at  the  proximal  ends  are 
easily  discernible,*  but  very  soon. 
•■'^  ^  through  further  development  and 

*i(  i-.i'  eiteusioQ,  the  cell  boundaries  dis- 

-^i,'  5^  appear,  and  we  have  the  appear- 

'l-,  1,1     -  ^   .  -.         ance  of  a  spongy  network  orof  ■ 

FiQ.  BG.— Sectiun  through  wall  uf  closelv  felted  thicket,  the   neoro- 

ueuml    tuhe    at  a    later  stain'-  •     n-  in_     .. 

iHBi'n-utiHtitin  of  ihr  twu  ead»  spongium    of    Uis.       H  bether  we 

of  ih,.  ri>ith..iiai  «iu.    (After   ^ave  to  do  in  the  threadwork  with 

an  actual  closed  network  seems  m 

yet  not  quite  certain.     Ramon  y  Cajal,  from  the  study  of  silver 

prt^pamtions,  denies  this,  and  also  disputes  the  independence  of 

the  cell  territories  which  His  maintains  for  the  neurospongium. 

This  thicket,  which  in  the  closed  medullary  tube  forms  the 

|»oriphery  of  its  wall,  becomes  more  and  more  complex  with 

further  development.     The  feltwork,  at  first   extremely  close, 

shows  later  wider  meshes,  the  whole  spongy  structure  forming 

a  peripherul  or  marginal  ee-U — the  Randsthlrifr  of  His.     As  we 

shall  see  presently,  the  threads  of  this  veil  form  a  scaffolding  of 

Hue  beams  which  later  appear  to  play  an  important  mechanical 

nMe  in  determining  the  course  and  direction  of  the  developing 

*Th«  t>[iithi^liitl  cells  at  this  Ntsge  ol  differeDtiatioa  are  spoken  ot  b< 
His  M  njiuDgiublftSU. 


^ 
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nerve  fibres.  Indeed,  the  marginal  veil  persists  throughout 
life  and  appears  to  correspond  in  the  adult  to  a  part  of  the 
ependymal  framework  of  the  white  matter  of  the  whole  of  the 
central  nervous  system.* 

Very  early  in  the  history  of  the  medullary  plate  there  are  to 
be  made  out  in  the  intercellular  spaces  of  the  border  zone,  which 
corresponds  to  the  distal  ends  of  the  epithelial  cells,  elements 
which  have  an  entirely  different  appearance  from  those  just 
described.  These  elements  are  designated  by  His  as  germinal 
cells  (Keimzellen).  They  are,  as  a  rule,  at  first  spherical  in 
shape,  possess  characteristic  clear  protoplasmic  bodies,  and 
their  nuclei  in  well-fixed  preparations  are  usually  seen  in  the 
process  of  rapid  division  by  karyokinesis  (Fig.  96).  The  exact 
relations  of  these  cells  to  the  epithelial  cells  before  described 
and  to  the  other  cells  of  the  ectoblast  still  form  the  subject  of 
some  dispute.  The  idea  that  the  Keiinzellen  are  fundamen- 
tally different  from  the  epithelial  cells  has  been  vigorously  op- 
posed by  K6lliker,f  Schaper,J  and  Vignal.*  The  whole  mat- 
ter has  been  very  recently  subjected  to  a  critical  review  by 
Schaper.||     It   is  urged   that  the  Keimzellen  are   really  only 

*A8  tlis  has  pointed  out,  the  transformation  of  epithelial  cells  into  a 
framework  penetrated  by  spaces  and  bounded  by- limiting  membranes  is  not 
peculiar  to  the  medullary  plate.  Very  similar  forms  are  to  be  met  with  in 
other  ectoblastic  derivatives — for  example,  the  retina,  the  ear,  the  olfactory 
plate,  and  the  portions  of  the  ectoblast  adjacent  to  the  neural  groove  which 
correspond,  in  part  at  least,  to  the  building  places  of  the  cells  of  the  sensory 
ganglia. 

t  Op.  cit. 

iSchaper,  A.  Zur  feineren  Anatomic  des  Kleinhims  der  Teleostier. 
Anat.  Anz.,  Jena,  Bd.  viii,  1893,  S.  705-720. — Die  morphologische  und  histo- 
logische  Entwickelung  des  Kleinhims  der  Teleostier.  Ibid.,  Bd.  ix  (1893- 
'94),  S.  489-501 ;  also,  Morphol.  Jahrb.,  Leipz.,  Bd.  xxi  (1894),  S.  625-708. 

•  Vignal.  W.  Recherches  sur  le  d^veloppement  des  Elements  des  couches 
corticales  du  cerveau  et  du  cervelet  chez  Thomme  et  les  mammiferes.  Arch, 
de  physiol.  norm,  et  path.,  Par.  (1888),  4.  s..  t  ii,  pp.  22a-254  et  311-338.— 
Recherches  sur  le  d^veloppement  des  elements  des  couches  corticales  du 
cerveau  et  du  cervelet  chez  Thorn  me  et  les  mammiferes.  Itcole  prat.  d. 
hautes  etudes.  Lab.  d'histol.  du  Coll.  de  France.  Trav.,  Par.,  1888,  t.  xii, 
pp.  54-82. — Recherches  sur  le  d^veloppement  de  la  substance  corticale  du 
cerveau  et  du  cervelet.    /6trf.,  pp.  83-112. 

I  Schaper,  A.  Die  frOhesten  Differenzirungsvorgftnge  ira  Centralnerven- 
system ;  kritische  Studie  und  Versuch  einer  Oeschichte  der  Entwickelung 
nervdser  Substanz.  Arch.  f.  Entwcklngsmechn.  d.  Organ.,  Leipz.,  Bd.  v 
(1897),  S.  81-132. 
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ytinitK  prill if«ru tine  f"nt)B  of  epithelial  cells  which  afford  msle- 
riul  fur  a  (;«ti('rattoii  of  indifferent  cells.  These  latter  mij 
Ih'  riirtlicr  (litTiTi'iitiateil  either  into  uerve  cells  or  into  g\\i 


1  3f  rT«ni  ■>{  'iiivrlop- 
(  jj  liinii  upiihelial 
r"rir'i''itaeci  iln  die 


-■rrt-niitd    iiir->  » 
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cell  body,  tends  to  accumulate  at  the  point  of  origin  of  the  pro- 
cess, forming  a  feebly  striated  protoplasmic  cone  on  one  side  of 
the  nucleus  from  which  the  process  appears  to  take  its  origin. 
These  pear-shaped  cells,  the  derivatives  of  the  Keimzellen^  are 
termed  by  His  neuroblasts.  The  nucleus  of  the  cell  body  of  the 
neuroblast  corresponds  to  that  of  a  fiiture  nerve  cell,  and  the 
single  process  represents  the  developing  axone.  Of  the  exist- 
ence of  dendrites  there  is  at  this  period  of  development  no  evi- 
dence, and  studies  in  histogenesis  have  shown  us  that  the 
dendrites  appear  ontogenetically  much  later  than  the  axone, 
the  latter  being  the  first  process  of  the  young  nerve  cell  to 
appear  and  for  a  long  time  existing  alone,  a  fact  that  is  of 
especial  interest,  as  His  suggests,  when  we  remember  that  in 


vent. 


Fio.  97. — Section  of  spinal  cord  of  a  chick  at  the  third  day  of  incubation.  ( After 
Bain6n  y  Cajal. )  gg,  cells  of  spinal  gimglion  ;  dd,  ends  of  cells  upon  which 
the  dendrites  develop  later.  At  the  opposite  poles  are  shown  the  embryonic 
axoneSf  at  the  extremities  of  some  of  which  there  are  bulbous  swellings. 
The  axon(>8  of  the  spinal  ganglion  cells  divide  on  entrance  into  the  cord.  r. 
vfltl.,  ventral  root. 

the  young  larvae  of  frogs  and  fish  before  the  feltwork  formed 
by  the  dendrites  of  the  nerve  cells  has  appeared  at  all,  there  are 
already  in  full  activity  physiological  mechanisms  of  no  incon- 
siderable significance  and  complexity. 


CHAPTER  XVI. 

THE   DEVELOPMENTAL   HISTORY   OF  THE   SPINAL   CORD  AXD 

MEDULLA   OBLONGATA. 

Wandering  of  neuroblasts — Fate  of  the  axones  in  the  spinal  cord — Forma- 
tion of  ventral  roots  of  spinal  nerves  and  of  the  intrinsic  fibres  of  the 
whit«  funiculi  of  the  spinal  cord — Tautomeric,  heteroraeric,  and  heci- 
teromeric  neurones — Fasciculus  cerebellospinalis — Wandering  of  neuro- 
blasts in  the  medulla  oblongata — Developmental  history  of  the  motor 
nuclei  in  the  medulla,  the  formatio  reticularis,  the  olivarj  bodies,  and 
the  pyramids — Relations  of  the  white  and  gray  matter  in  the  cerebrum. 

The  neuroblasts  possess  a  certain  degree  of  motility  and  are 
capable  of  altering  their  position.  Following  the  radiating 
paths  which  correspond  to  the  spaces  between  the  epithelial 
cells  of  the  medullary  plate,  they  tend  soon  to  leave  the  border 
zone  at  the  inside  of  the  nerve  tube  where  they  first  appear, 
and  to  wander  out  toward  the  marginal  veil,  there  to  form  often 
a  sort  of  mantle  layer  (Fig.  98).  In  the  marginal  veil  they  ap- 
pear to  encounter  an  obstacle  which  prevents  their  further 
progress,  although  they  may  succeed  in  penetrating  for  a  short 
distance  into  its  meshes.  The  ganglion  cells  occasionally  met 
with  far  out  in  the  white  matter  of  the  adult  spinal  cord  are  to 
be  looked  upon  as  cells  which  have  been  able,  through  their 
active  mobility  in  the  neuroblastic  stage,  to  attain  a  position 
more  peripheral  than  that  reached  by  their  fellows.* 

The  various  wanderings  of  the  different  groups  of  nerre 
cells  in  the  human  cord  have  been  carefully  followed,  f     In  the 

*  His  has  noticed  in  selachian  embryos  occasionally  cells  which  have  even 
been  able  to  reach  the  external  border  of  the  marginal  veil,  although  ther 
appeared  afterward  to  become  again  surrounded  by  its  meshes.  Dohm  be- 
lieves that  in  the  region  of  the  nervus  oculomotonus  there  may  be  a  perma- 
nent exit  for  motor  cells.  He  brings  these  cells  into  connection  with  ih? 
oculomotorius  ganglion  of  Schwalbe. 

t  His,  W.    Zur  Geschichte  dea  menschlichen  RQckenmarkes  und  der  >'er- 
venwurzeln.    Abhandl.  d.  math.-  phys.  CI.  d.  k.  sfichs.  Gesellseh.  d,  Wis- 
sensch.,  Leipz.,  Bd.  xiii  (1886),  S.  47»^13. 
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fomitttion  of  the  m&ntle  layer  of  neuroblasts  the  cells  in  the 
dorsal  half  tend  to  wander  toward  tlie  ventral  half  and  their 
processes  are  nearly  all  directed  ven- 
trally,  the  neuroblasts  undergoing,  as 
it  were,  a  partial  turning  so  as  to  be- 
come parallel  to  the  surface  of  the 
marginal  veil.  Of  the  cells  of  the  ven- 
tral half,  a  portion  lying  grouped  to- 
gether inside  the  marginal  veil  pos- 
sess processes  which,  unlike  those  of 
the  other  neuroblasts,  penetrate  direct- 
ly through  the  marginiil  veil  to  ap- 
pear outside  the  embryonic  cord,  form- 
ing the  ventral  roots  of  the  spinal 
nerves.  The  cell  bodies  of  these  neu- 
roblasts represent  the  motor  cells  of 
the  ventral  horns  of  the  gray  matter, 
and  their  processes  the  axones  of  the 
motor  spinal  nerves  (Fig.  ft!)).  The 
processes  of  the  other  neuroblasts  do 
not  go  through  the  marginal  veil,  but 
remain  within  the  spinal  cord.  The 
majority  of  them  can  advance,  how- 
ever, for  a  certain  distance  into  the 
meshes  of  the  neurospongium,  but 
sooner  or  later  meet  in  it  with  opposition,  according  to  His, 
which  leads  to  the  directing  of  the  processes  upward  and  down- 
ward (Fig.  100).  Hence  arise  the  axonea  of  the  intrinsic  fibres 
of  the  white  funiculi  of  the  spinal  cord.  Those  of  the  neuro- 
blasts which  send  their  processes  to  help  in  the  formation  of 
the  white  matter  of  the  same  side  of  the  cord  correspond  in  the 
adult  to  the  fatilomeric*  neurones;  those  whith  send  their 
processes  through  one  of  the  commissures  to  the  white  matter 
of  the  other  side,  to  the  heteromerir  f  neurones  {Fig.  101) ;  and 
those  of  them  whose  processes  divide  into  two,  one  going  to 
each  side  of  the  cord,  to  the  hecaleromeric  X  neurones.  The 
majority  of  the  intrinsic  fibres  of  the  cord  send  their  processes 

•  A  very  snlisfaeUir)'  uomenckture  suggested  bj  van  Oehuchten.    Tlie 
word  tanUimeric  is  taken  from  the  Greek  rh  airi  lilfot,  Ihe  same  side. 
t  Prom  Vttpaw  itipes,  the  cither  side. 
t  From  ludripar  lUpot,  each  side. 


—Section  throuRh  half 
■Ural  (ulu-  Bhvn-iiiK  the 
-  iihape<l      neiiruhlastt 


upon  the  inner  surface  "t 
the  iiuii|iiiHl  veil.  The 
axones  of  some  of  the  neu- 
nthlBal[«  have  ponetiul^'iL 
througli  the  veil  to  funu 
the  veutml  ™,t  of  u  a|iiiial 
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into  the  vttiitral  and  lateral  faiiiL-uli  of  the  white  matter.  Of 
the  latter,  a  large  bundle  known  ae  the  fascicnlus  cerebelloBpi- 
naliB  (direct  cerebellar  tract)  receives  its  axones  from  the  gronp 
of  (^ells  eitoated  in  the  nucleus  dorsalis  (Clarke,  Stilling).* 
Comparatively  few  of  the  neuroblasts  send  their  processes  into 
the  region  of  the  dorsal  funiculi,  these,  as  well  as  the  region  of 
the  pyramidal  tracts,  being  occupied  in  the  adult  almost  ea- 
tirely  by  nerve  fibres  which  may,  in  a  certain  sense,  be  looked 
upon  as  extrinsic  to  the  spinal  cord,  since  their  axonea  in  their 
origin  are  entirely  independent  of  nerve  ceils  lying  in  it.f 

A  very  marked  example  of  the  wandering  capacity  of  neuro- 
blasts, and  one  to  which  His  has  frequently  taken  occasion  to  re- 


Fill.  Ba,— TninBvenw  wrtinn  of  the  itpinal  ciirtl  of  a  clikk.  I*ft  side  from  tw<- 
iluy  chick  ;  rixht  side  from  flve-dny  thii;k.  (.*fterJ.  Kullmann.  Lehrbocti 
tier  tCiitwickelUDgHgewhichte  dcs  Menschi'n.  Jenu,  ISHS.  8.  500.  Fig.  SOS.) 

fer,  is  met  with  in  the  development  of  the  medulla  oblongata. 
In  its  early  stages  (Fig.  103)  the  region  of  the  medulla  is  more  or 
less  pentagonal  in  shape,  the  fifth  side  being  formed  by  the  thin, 

•  So  fur  as  I  know,  the  actual  connection  of  the  agones  of  the  cells  of 
the  nucleus  {lorsalis  with  the  fascieulu.^  cerebellospinal  is  has  not  been  ob- 
served, although  the  evidence  from  secondary  degeneration  and  from  Golgi 
■peuioicnH  give*  safHcient  warrant  [or  the  statement  in  the  toiU 

t  The  aiones  of  the  fibres  o(  the  p;rrArnidal  tracis  (faacjculi  cerebn)- 
spinales)  have  their  c«ll»  of  origin  in  the  couvolation))  of  the  so-called  mot<ir 
area  of  the  cerebral  cort*i,  while  the  axones  of  the  majority  of  the  fibres  d 
the  dorsal  funiculi  of  the  cord  represent  direct  continuations  of  the  ceotnl 
aiones  of  the  celU  of  the  ganglia  on  the  dorsal  roots  of  the  spinal  nerves. 


HI8T0GKNET1C  KELATIONS  OF  THE  NEUKONKS.       173 

non-nervous  roof.    The  lateral  and  the  ventral  walls  of  each  half 
of  the  tube  conform  in  structure,  as  regards  Qeuroblasts  and 


Flu.  100. — TniiiHrrnie  wctlon  through  the  Upper  tbonicic  Hpinal  ron)  orthp  bumsD 
embryo.  (  \rh  r  W  His  \bbaiidl  d  math  phyn.  (1.  d.  k.  niche.  (h««lli<ch. 
d.  WiaM,-iiw.h  [leipz  fid  xiii  ISSfl  Ni  S  fiK2. )  a.  Jf„  extcmBl  mnntle 
layer;  A.tp  a  arUria  spinahg  ventral IH  A  tp  p.,  artrrin  spiualis  doi^liB; 
Bp.,  BoileDplatte  Cf  cylinder  Turrow  D  f  DeckplBtU; ;  F.  a.,  forniatio 
arcuBts;  i  Jf  interiuil  mantle  layer  J  p  internal  plat^ ;  if.  J.  n..  mem- 
brana  limilans  meningis  m  W  nutur  vpntral  root;  a.  B..  oval  bundle  of 
dontal  fUQiLUlDH  (roI  PlccbniK  h  nval  bundk)  R  /.,  marginal  fnrrow;  >.  W., 
lenflory  dorml  root     ''  h    roniii  lati'mle 

spoQgioblaeta,  closely  to  that  which  I  have  described  as  char- 
acteriBtic  of  the  spinal  cord  in  its  early  stages.  Id  the  ventral 
plate,  iQ  a  series  of  sections,  can  be  made  out  quite  early  the 
groups  of  neiirohlasts  corresponding  to  the  motor  nuclei  of  the 
medulla  (NncI  N  hypoglossi,  Nucl  N  scceseorii,  Nucl.  N. 
ragi,  and  >iucl  N  glosso-pharyngei),  and  at  this  period  these 
nuclei,  as  well  as  the  bundle  of  fibres  known  as  the  tractus  soli- 
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taring   (formed  by  geneor;  fibres  from  the  X.  ragos  and  X. 
glosEo-pharyngeue,  and  bo  analogons  to  the  dorsal  funiculi  in 


Flii.  lUI. —I'mumisHQiml  wll  OTheteromfrir  nearonr  ttma  Ar  !ipiial  cold  of  i 
l*ristiuniii  rmbrvii  30  nun.  1i>nK>  '  After  M.  Ton  Lrnhoavk.  Drr  feinrTr  Bu 
d«  N<^rv>-ns}n<trntB.  rtv..  Brriia.  II  AuB..  188S.  S^  333.  Fi|(.  4»'-  The  niiat 
pMWB  thruugh  the  VFQlnd  f 
po«tr  si<l«. 


the  spinal  cord),  are  Bitnated  (.-loee  to  the  outer  surface  of  tht 
medullary  tube.     As  is  well  Imowu,  in  the  adult  the  motor  qd- 
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clei  in  the  medulla  and  the  tractus  solitariuB  are  far  removed 
from  the  ventral  surface ;  indeed,  they  are  situated  close  be- 
neath the  floor  of  the  fourth  ventricle  (central  canal),  being 
separated  from  the  surface  by  nearly  the  whole  thickness  of  the 
ventral  wall  of  the  medulla,  including  the  pyramids,  the  olivary 
bodies,  and  the  formatio  reticularis.  The  explanation  of  this 
is  easy  when  the  histogenetic  relations  are  followed.  Let  ub 
examine  and  see  what  has  happened  to  bring  about  this  remark- 
able morphological  metamorphosis. 

The  medullary  tube  at  the  stage  represented  in  the  forego- 
ing figure  on  further  development  shows  in  the  human  embryo 
a  liplike  lateral  projection  resulting  from  the  bending  over  of 
the  upper  border  of  the  thick  lateral  wall  on  each  side  (Fig.  103). 


Fio.  103. — TraturreiBe  sectton  thnmRb  the  medulla  of  the  hnmsn  embryo.  (After 
Hiti. )  XII,  nprvus  h TpoKltmUH ;  X,  nervug  vaguH;  T.  *.,  tfap  tractus  noli- 
tariug;  £t.,  rhombnidallip. 

This  lip,  which  reaches  on  each  side  from  the  lower  end  of  the 
medulla  as  far  forward  as  the  junction  of  the  metencephalon 
with  the  mesencephalon — that  is,  as  far  as  the  isthmus — is  of 
decisive  significance  for  the  farther  shaping  of  the  medulla,* 
and  for  the  development  of  the  cerebellum.  The  Up  in  the  re- 
gion we  are  consideriDg  bends  well  over  and  becomes  adherent 
to  the  lateral  wall,  after  which  there  is  a  visible  egress  of  armies 

•  FVanUin  Dexter,  of  Harvard,  has  recently  shown  that  in  the  rabbit  the 
rhomboidal  lip  does  not  exist,  the  morphological  changes  apparentlj  de- 
pending in  thiv  animal  entirelj  upon  the  wandering  capacities  ot  the  neuro- 
blasts.   Arch.  t.  Anat  u.  Pbye ,  Anat.  Abth.  (Leipi,),  1896,  S.  423-437. 
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of  iieuroblaets  (Fig.  104)  from  the  Up  into  tlie  latenil  and  ventral 
plates  of  the  medulla,  which  lie  medially  to  it.  As  they  wander 
in.  they  pass  veutratly  as  regards  the  traetus  solitarius  and 
motor  nuclei  and  ven- 
truDy  to  the  formatio 
reticularis,  the  latter 
in  the  oieautime  hav- 
ing been  formed  by 
(iells  in  the  neighbor- 
hood of  the  motor  no- 
de i  and  solitary  tract 
Many  of  them  pas 
medially  almost  as  far 

Fio.  lM.-a>otion  thioDgfa  >  pora™.  of  the  »all  of  *".  ^^^  ^P^e  m  the 
the  mpdulla  of  a  hamiiTi  embryo.  (AfUT  His.)  middle  line.  Themo- 
NeuniblSBtdareahownn-andoriiigfrumtliprhoin-  ,   .         , 

boidal  lip  towBrd  the  middle  line.  Tht  niideuB  tOr  nUClei  aud  tractiu 
t^b.  "y"^"""'  "^"'^  '"  '*'■'«  •"'""• '"  """  solitarius,  while  re- 
taining the  same  re- 
lations to  the  central  carial,  now  occupy  in  transverse  section 
an  entirely  different  position  as  regards  the  ventral  surface  of 
the  medullary  tube.  Instead  of  lying  superficially  they  are 
l)uried  in  the  depth  by  the  crowds  of  neuroblasts  which  hare 
wandered  in  from  the  lateriU  regions.  These  neuroblasts  ar- 
range themselves  so  as 
to  form  the  inferior  ol 
ivary  nucleus  and  the 
medial  and  lateral  ac 
cesBory  olivary  nuclei 
(Fig.  105),  and  last  of 
all  the  burying  is  made 
still  deeptr  bv  the  ap- 
pearance of  the  pyra- 
mids, great  bundles  of 
fibres,  the  last  to  be 
meduUated  m  the  me- 
dulla, which  represent 
the  processes  of  neuro- 
blasts situated  high  up 
in  the  pallium  of  the  fore-brain  (telencephalon),  which  have 
grown  down  through  the  inter-brain  (diencephalon),  and  mid- 
brain  (mesencephalon),  to  the   mednlla  to  end   at   different 


.1  to  the  olivary  bodien  h»\e  bf»n 
furmed.  and  the  hucIguh  of  the  hypwlml 
norvo  and  the  tr»i;lnB  solitarius  aiv  ar  ir- 
muved  from  the  ventral  aurfore.      (After  Uih.) 


mSTOQKNETIC  KKLATIONS  OK  THE  NRURONES. 


177 


levels  iu  the  spinul  conl.  Tlina  the  lamellation  of  the  medulla 
in  lute  embryonic  stugee  and  in  the  new-born  (Fig.  106)  must  be 
looked  upon,  as  His  says,  as  the  result  of  an  epw^hal  develop- 
ment of  which  the  different  stages  are  represented  by  the  suc- 


Ki<i.  loe. — TniTiKvrne  neclion  thnnigh  one  half  of  the  mednlla  [ihlinigHlH  of  % 
buiuaiiFmbi^DHttJieuighth  month.  ( AfU^r  Kr.llikpr,)  P.  pymmid  lint  yet 
luedullated;  O,  olive  with  ncj^eiMDry  ulivary  bndit's:  01',  nhnp  ven'bcllo- 
olivaret;  PI'.  HirpUH  restifonue;  IX,  X,  N.  |tlo«H>phBiyngi.<ug  nnil  \.  vaKU": 
X'.  nueleusuf  trmiiiiatiuii  of  twnnuiy  purtiun  uf  N.  vagus;  Fa,  tractus  boII- 
tuius;  y.  tractUH  iipiiulia  H.  triKemini  j  XII,  N.  hypoKlomUH.  llti  nuvlcDH 
lit  nrii^n  in  Been  nimr  the  Buor  of  the  fourth  ventiielu,  fiir  i^moveil  fmiii  the 
ventral  aurbce :  FtH.,  Ikmieuluii  lonKitudinalis  medialiN :  S',  Htnttuni  inter- 
olivare  lemnim,  • 

ccsBive  addition  of  (1)  the  motor  nuclei ;  (2)  the  formatio  retic- 
ularis ;  (3)  the  olivary  masses ;  (4)  the  pyramids.  As  they  He, 
90  they  have  developed.  Their  position  is,  as  it  were;  the  key 
to  their  developmental  history. 
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Kimilur  liistorical  developments  occur  throtighont  the  cen- 
tral nervouB  system,  especially  id  the  brain,  where  the  Btnic- 
tores  present  in  the  adult  have  arisen  not  simultaneously,  bat 
successively.      So  far,  the  different  stages 
have  not  been  worked  out  so  well  for  anv 
other  part  as  for  the  medulla.     Just  here 
may  be  mentioned,  however,  a  point  with 
regard  to  which  a  good   deal  of   interest 
has  always  been  evinced.     How  is  it  that 
in  the  cerebrum  the  gray  matter  of  the 
cortex  is  ontside  the  white  matter,  whereas 
in  the  spinal  cord  the  main  masBes  of  tht 
white   matter  are   outside   the   gray  sub- 
stance I'    Again,  what  are  the  genetic  rela- 
tions which  exist  between  the  gray  matter 
of  the  cerebral  cortex  and  that  of  the  basil 
ganglia?    To  these  questions  histogenetii- 
studies  alone  can  afford  the  answer.     ThoK 
who  are  interested  are  referred  to  the  ei- 
planation  offered  by  Mall  as  the  result  ol 
hia  studies  of  the  brain  of  Xecturus.*    He 
Fig  107  — Longitudimil    believes  that  "in  the  gradual  chanze  of 
!iei.t>on  of  the  cerebral  ...       .  ..l  i.  ■   i       *  ^v     ?     - 

heniispbens  of  Nee-    gray  matter  from  the  ventricle  of  the  brain 

r-™ntride?'»'.'S^hiti  '"  l"*^'"  animalB  to  the  cortex  of  the  high- 
matter-.  G,  gray  roat-  er,  the  cell  undergoes  a  half  revolution, 
ventricle  to  furm  a  and  the  side  which  originally  pointed  to- 
TblJ^wtnTpota^nd  ""'■'I  tl^^  ventricle  now  points  toward  the 
the  dirvctioD  of  the  surface  of  the  brain."  The  relations  of 
the  gray  matter  to  the  white  matter  in  ■ 

longitudinal  section  of  the  brain  of  Kecturus  are  shown  in  the 

accompanying  diagram  (Fig.  107). 

*  Mall,  F.  P.     Histogenesis  of  the  Retina  in  .\inblysloiua  and  Neclunu. 
J.  Morphol.,  BosU,  voL  viii  (1893),  pp.  415-432. 


CHAPTER  XVII. 

THE    DEVELOPMENT    OF    THE    PERIPHERAL    SENSORY    NEURONES 

AND  OF  THE    SYMPATHETIC   NEURONES. 

Origin  of  itensorj  ganglia,  peripheral  sensory  nerve  fibres,  dorsal  roots  of 
spinal  nerves,  and  dorsal  white  funiculi  of  the  spinal  cord — The  devel- 
opment of  the  organs  of  special  sense — The  ear — The  eye — The  nose — 
Wanderings  of  neuroblasts  in  the  formation  of  the  sympathetic  nervous 
system. 

Whereas  the  origin  of  the  motor  fihres  of  the  peripheral 
nerves  and  the  intrinsic  intramedullary  fibres  is  to  be  sought  in 
the  neuroblasts  of  the  medullary  tube,  these  do  not  give  rise  to 
the  general  peripheral  sensory  nerve  fibres  and  the  nerve  fibres 
of  the  organs  of  special  sense,  nor  to  the  fibres  and  cells  of  the 
sympathetic  nervous  system.  How,  then,  is  the  origin  of  these 
to  be  explained  ?  Concerning  this  there  has  been  some  dispute, 
but  the  skein  is  being  gradually  disentangled.  From  a  given  pe- 
riod of  development  on,  one  can  make  out  near  the  medullary 
tube  on  each  side  groups  of  cells  which  represent  the  beginnings 
of  the  sensory  ganglia  of  the  dorsal  roots  of  the  spinal  nerves,  so 
that  the  cell  bodies  of  all  the  sensory  neurones  of  the  first  order 
are  situated*  outside  the  neural  tube — that  is,  outside  the  spinal 
cord  and  brain  (Fig.  108).*  The  studies  of  His,  Marshall,  Bal- 
four, Beard,  von  Lenhose^k,  and  others  have  taught  us  whence 
these  cells  are  derived.  All  are  agreed  that  they  come  from 
the  ectoblast  at  the  junction  of  the  edges  of  the  medullary 
plate  with  the  adjoining  ectoblast  (Fig.  109),  although  there  are 
a  number  of  researches  which  make  it  probable  that  a  certain 
number  of  the  cells  do  not  wander  oflf  until  the  medullary  tube 

*  That  in  deyelopment  the  system  of  the  sensory  ganglia  can  grow  en- 
tirely independently  of  the  presence  of  the  medullary  tube,  or,  perhaps  more 
safely  expressed,  that  the  sensory  ganglia  may  be  present  in  the  absence  of 
a  spinal  cord,  is  well  shown  by  the  case  described  by  von  Leonova.  O.  Ein 
Fall  von  Anencephalie  combinirt  mit  totaler  Amyelie.  Neurol.  Ceiitralbl., 
Leipz.,  Bd.  xii  (18»3),  S.  218 ;  263. 
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hae  been  pinched  off  from  the  ectoderm.  In  the  front  part  d 
the  head,  corresponding  to  the  sensory  region  of  the  trtgeminm 
and  especially  to  the  acoustic-facialis  area,  there  exist  in  the 


f  haman  embryuatend  of  fiHirth  wn-k.  sh(>wipxd^ 
piiit'nt  iir  seiiMirr  tnnf(lii>.  (AfU'r  M»ll. )  V,  tiaiiRerian  ganjilion:  .V, 
u  ffSinKUuii ;  1,  Hmt  ix'rvimi  K<>nf:li<>n  ;  8.  last  i-rrviral  mingliun  :  13,  IbI 


Tlif  phre 


ft  from  thi>  fiHirth  tv 


ectoderm,  at  points  corresponding  to  this  junction,  definite 
ridges  which  are  crowded  with  dividing  cells  very  like  those 
that  His  takes  to  be  the  forerunners  of  the  neuroblasts  in  the 
medullary  tube. 

In  the  region  of  the  ear  fossa  these  cells  can  often  be  seen 
heaped  up  as  a  compact  column  shoved  in  between  the  ecto- 
blast  and  the  medullary  tube.  In  the  trunk,  however,  no 
marked  aggregations  of  germinal  cells  are  visible  at  an  eartj 
stage,  and,  according  to  His,  the  ganglia  of  the  spinal  nerves  in 
human  beings  are  formed  of  neuroblasts  which  collect  in  groups 
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after  wandering  oat  from  the  portions  of  the  ectobla^t  adjacent 
to  the  medullary  tube.  According  to  others,  the  spinal  ganglia 
are  made  up  of  neuroblasts  which  wander  out  from  the  dorsal 
edge  of  the  medullary  tube.  Dr.  Mall  tells  me  that  in  Necturus 
he  has  observed  a  number  of  the  ganglia  of  the  tail  having 
their  origin  in  a  pinching  off  of  ganglionic  masses  from  the 
ganglia  lying  farther  head  ward. 

The  young  cells  giving  rise  to  the  nerve  elements  of  the 
spinal  ganglia  divide  by  karyokineais  even  for  some  time  after 
tliey  have  arrived  among  the  ganglionic  groups.  The  further 
development  of  the  individual  cells,  thanks  to  the  researches  of 
His,  is  now  very  well  known.  The  cells  assume  a  bipolar  shape, 
one  process  growing  from  each  pole.  The  process  correspond- 
ing to  the  dendrite  (that  is,  the  one  arising  on  the  pole  of  the 
nenroblast,  which  originally  was  turned  toward  the  external 
surface  of  the  embryo)  grows  toward  a  peripheral  sensory  sur- 
face, the  process  corresponding  to  the  axone  growing  central- 
ward  nutil  it  reaches  the  outer  surface  of  the  medullary  tube, 
into  the  wall  of  which  it  penetrates.  Bundles  of  these,  assum- 
ing in  the  spinal  cord  a  longitudinal  direction,  go  to  make  up 


OangltOHir  ridgt. 


>k^         Oangtionu  ridgr. 


the  primary  dorsal  funiculi,  in  the  medulla,  the  analogous  trac- 
tUB  Bolitarius,  the  radii  descendens  nervi  vestibuli,  and  the 
tractua  spinalis  nervi  trigemini.  The  relatione  of  the  dorsal 
loots  to  the  spinal  cord  are  well  shown,  as  are  those  of  some  of 
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the  veils  of  the  ventral  horns,  in  the  accompanring  figure, 
copied  front  mn  ehach  en  wh  ch  represen  he  developmeQi 
in  the    h    L  (tig  1  0).    An  earlier  stage  u  well  lUostrUed  io 
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Fig,  97  (vide  mpra).  The  two  procesees  of  the  spinal  ganglion 
Cfll,  central  and  peripheral,  go  off  from  one  edge  of  the  cell, 
being  at  firat  in  a  direct  line  with  one  another,  the  nucleus 
und  the  main  mass  of  the  cell  body,  as  His  describes  them, 
.lying  eccentric  to  the  fibre.  Tliis  bipolar  condition  is  in  some 
miimale  maintained  throughout  life.  In  the  fish,  for  example, 
even  in  adults,  nearly  all  the  spinal  ganglion  cells  are  bipolar 
(Fig.  Ill),  and  it  is  of  no  little  interest  to  find  that  in  human 
beings,  and  in  mammals  generally,  in  the  ganglion  on  the  coch- 
lear nerve  (ganglion  spirate,  cf.  Fig.  112)  and  in  the  ganglion 


Fic  113. — Scbcmatjc  reprvseutatioQ  of  thi- gradual  tniagition  of  the  bipolar  cells  of 

the  Hpliial  gBDKli&  to  tlio  wvcalled  ani|iuli>r  typi-.     (AfttT  Hia.) 

¥\ii.  114. — TraDsfonnation  of  bipolar  cells  intu  unipolar  telU  in  thf  [iuiacriau  Kaii- 

glion  of  ttie  pig.    |  After  van  Gehochton. ) 

on  the  vestibular  nerve  (ganglion  vestibuli)  this  primitive  bi- 
polar condition  of  the  cells  is  also  maintained  thronghont  the 
whole  of  life.  But  in  all  the  other  sensory  ganglia  of  man 
there  is  a  gradual  transformation  from  the  bipolar  to  the  uni- 
polar condition,  typical  of  the  adult  spinal  ganglia,  recognized 
and  described  by  Kanvier  more  than  twenty  years  ago.     Occa- 
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sionally,  single  bipolar  cells  persist  even  in  the  npinal  gan^ 
of  the  adult,  as  recent  research  has  shown.     In  the  accompanj- 


[O.  115,— Kt'ltwurk  «l>imt  Kpinul  gBUgliim  nils  of  the  ml  ftirmi'd  by  divi 
thr  axiinrs  ur  "bpiuaI  KHiiKliun  mIIb  of  tilt'  sivoad  typv."  (Anc  ' 
A,  iMTiiii|>wlar  jiifJOK ;  B,  i-imima'lluUr  pltius. 


D.»i.l 


ing  diagram  (Fig.  114)  the  early  steps  in  the  formation  of  the 
T-tibre  of  Ranvier  are  well  illustrated.  It  is  obvious  that  the 
change  consists  rather  in  the  formation  of  a  protoplasmic  pedicle 
than  in  a  gradual  approximation  and  fusion  of  the  central  and 
peripheral  fibres,  as  was  formerly  taught.  The  cells  in  the 
developing  spinal  ganglion  of  a  guinea-pig  stained  by  tsl 
Gehuchten  by  Golgi's  method  show  very  clearly  the  mode  of 
transformation  (Fig.  114).  The  sheath  of  the  spinal  ganglion 
cells  appears  to  be  mesoblastic  in  its  origin,  although  some 
assert  that  it  also  has  its  origin  from  the  ectoblast. 

A  few  multipolar  cells  occur  also  in  the  spinal  ganglia- 
These  cells,  previously  seen  in  the  embryo  by  Disse,  von  Leo- 
hossi'k,  Ramon  y  Cajal,  and  Spirlas,  and  thought  to  be  rare  and 
of  little  signifieaDce,  are  said  by  Dogiel  to  occur  also  in  the 
adult. 

Dogiel  has  recently  given  an  account  •  of  a  special  hitherto 

•  I>ogiol,  A.  S.  Der  Bau  d*r  SpiDalgsnglkn  bei  ilen  SSugrethieren.  \'<-r- 
Uut.  Mittheil.     Anat.  Ani.,  Jena,  Bd.  xii  (1H96),  S.  140-163. 
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undescribed  variety  of  cell  in  the  spinal  ganglia,  which  he 
names  "  spinal  ganglion  eel!  of  the  ttei-ond  type."  The  main 
axone  of  the  cell  breaks  up  inside  the  ganglion  into  a  large 
number  of  mednllated  fibres,  which  finally  lose  their  medullary 
sheath  and  terminate  within  the  ganglion  in  a  fine  pericellular 
arborization  about  the  epinal  ganglion  cells  of  the  ordinary 
well-known  type.  The  axones  of  the  cells  of  his  second  type, 
according  to  Dogiel,  form  not  only  an  extracapsular  feltwork, 
but  also  a  fine  intracapsular  feltwork  about  the  spinal  ganglion 


Fia.  118. — Scheme  tit  the  njviiirocal  relatiooB  iif  the  eleniKnto  within  the  Hpitiui 
gsiigliuQ.  acuordinx  tu  Dugivl.  A  und  B,  vcntiui  and  dunul  ruuts ;  C.  ajiinmt 
ni^rvc  ;  D  und  E.  veotnil  and  dumal  divisions  u(  spinal  itf.rve  ;  F,  ramuH  nam- 
municaiu  (Hyiii[iiithctiu  lainiicction ) ;  n,  A.  xpinal  ganicliun  I'tllK  of  ttic  fiiKl 
and  Hfcund  type  ;  A.  trunk  pruccHSUi  or  ccIIh  of  Che  flrsC  typo  which  divide  to 
form  the  moni'H  of  the  peripheral  nnd  central  fllires ;  n.  siunes  uT  u:lls  of  the 
nccund  type  whiuh  end  as  a  pericelluisr  feltwork  nhoiit  the  i^ella  uf  the  Tirst 
type;  •.  sympnthetic  fihreswhieb  enduHacirvunicellular  plexus  about  the 
KutU  at  the  second  type. 

cells  (Fig.  115).  The  spinal  ganglion  cells  of  Type  II  are,  he 
thinks,  in  turn  surrounded  by  nerve  endings  from  the  sym- 
pathetic, a  finding  which,  if  confirmed  and  taken  in  connection 
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with  the  obserratioas  of  Ehrlich,  and  especially  with  those  of 
Ramon  y  Cajal,  is  of  extreme  significance  in  dealing  with  the 
functions  of  the  spinal  ganglia  and  the  relations  of  the  spiiul 
and  sympathetic  systems  to  one  another.  I  have  reproduced 
in  Fig.  11(>  Dogiel's  schematic  representation  of  his  conception 
of  these  relations  inside  the  spinal  ganglia. 

It  would  take  too  long  to  describe  in  detail  the  mode  of 
ilt'Telopment  of  the  organs  of  special  sense.  It  is  interestingly 
fintl  that  the  development  in  them  conforms  Terr  closely  w 
that  met  with  in  the  sensory  nerves  in  generaL  All  the  periph- 
eml  neurones  in  the  oi^ans  of  special  sense,  as  in  the  spinil 


gaujflia,  ari^  frum  i.'elU  of  the  et^'t<»blii^  and  pass  through  the 
nuurvbliistic  *taj:e,  the  aii*<'ylindfr  proi^^sses  of  the  neuro- 
blast:* growing  iuto  the  central  org-jns  to  tenniaate  in  them  In 
tn-e  endings.  In  the  ear,  tor  ex:miple.  the  ganglia  connected 
with  the  vo<.hIeiir  and  vtwtibulikr  nerres  contain  cells  whose  two 
pi\Ki'S!*t>rt  grow  awav  from  the  ganglia,  the  one  toward  the 
ptTiphtry  ^lo  the  iwhiea  or  to  the  vestibule),  the  other  towafd 
Cho  coiitie  to  tlif  tKTVf  tube  *t  the  junction  of  the  medalla  tod 
pou.*  (!''>«■  U?).  'Ihfiie  gaufjiia  are  in  every  way  anklogoas  la 
doi'iuU-root  gaiigliu.  their  only  pevuliarities  i-onsisting  in  (1)  the 
short  iUhIiuuv  whiv-h  the  peripheral  pr«K'e*i>  has  to  go  befoR 
Iciuiinittiug:  (i)  the  nuiiiiieuauie  thruughoat  life  of  the  bi- 
polar  L'uuditiou. 
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In  the  eye,  too,  all  the  norve  elements  of  the  retina  are  of 
neuroblastic  origin,  and  the  a:xoQes  of  the  cells  of  the  ganglion- 
cell  layer,  growing  backward,  pass  by  way  of  the  optic  nerve 


o  lis.— Ophthalmic  vericle  Bhowlnn xtalk  aixl  ri-uovf  in  stalk  fnini  h  liiim 
embryci  of  thr  finirth  wrek  Bwn  from  below,  lAftpr.l.  KcillmuTiii.  LbI 
buth  ilcr  Entwicki-lanKBffCHchlchte  div  Mciischcn.  Jt-na.  IMIS.  h'ift.  346. 
SHI.  I  Thv  amTiH  ccnlrolia  retiuip  luu  lin-ii  drawn  in  fnim  fiudinKH  in 
human  embryo  ut  the  sixth  nci-k. 


Fia.  119.— DrvelopfnK  eye  of  human  embryo  10.2  mm.  li>ng.  (After  J.  KuH- 
inann,  1.^-hrbnrh  dtr  Entwicki'lungxRc^hiubh'  dr!<  Menw-hcn.  Jeiiu,  IHHH, 
H.  576.  Fig.  343.1 

and  of  the  optic  tracts  into  the  mid-brain  and  inter-brain.  The 
eye  differs  Bomewhat  in  origin  from  all  the  other  sense  organs, 
in  that  the  embryonic  masses  of  neurones,  making  up  the  optie 


TUE  XERVOrS  SYSTEIL 


Tegiclc^  from  which  the  eyes  are  formed,  grow  out  ii«  liKtera] 
projeetiong  from  the  general  medulbuy  tube  (Figs.  118  snd 
IVJ).  Later,  however,  they  become  practicallj  separated  from 
the  central  nervous  syeteni^  and  the  final  organic  nerre  connec- 
tion ij»  eubgequently  made  by  the  growth  of  axones.  from  tiu- 
nerve  cells  deposited  at  the  periphery,  back  into  the  oentnkl 
nervons  83'6tem  (Fig.  120).*  The  earliest  portion  of  the  retiiui 
to  develop  is  the  region  of  the  fovea  centralis. 

The  most  peripheral  olfactory  sensory  neurones  dt*s«Tf 
especial  mention,  since  in  the  nose  we  find  the  only  evidencte  is 
human   beings  of  a  condition  quite  general  in  invertebr&iye 


Fio.  120. — Compoirite  diagrammatic  tiansvense  section  of  the  head  of  a  human  em- 
bryo to  Hhow  the  nn^wing  point  in  the  nervous  system,  and  tiie  direction  i<f 
the  growth  of  the  fibre.  Jf,  medullary  canal ;  E,  eye ;  O,  ear ;  A',  ncwe :  r, 
oephaloiHxl  eye  ;  L,  Mensory  cells  tnrni  the  skin  of  lumbricus.    (After  Mall. ) 

forms  (cf.  researches  of  von  Lenhossek  on  the  central  nervous 
system  of  lumbricus,  and  the  investigations  of  Retzins  upon 
invertebrate  forms).  In  the  olfactory  mucous  membrane  the 
early  stages  of  the  neuroblasts  are  present  among  the  epitheliiil 
cejls,  just  as  in  the  ectoblastic  ridges  from  which  the  spins! 
ganglion  cells  arise.  But  instead  of  these  young  cells  wander- 
ing out  from  the  epithelial  plate,  as  appears  to  be  the  cs^ 
with  the  cells  of  the  spinal  ganglia,  in  the  nose  they  remain 


♦  Cf,  Mali,  F.  P.     Op,  ciU 
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IS^ 


thron^hont  life  situated  in  the  mucous  membrane  itself,  the 
axones,  which,  by  the  way,  never  become  mednllated,  growing 
upward  and  backward  through  the  cribriform  plate  to  enter 
the  olfactory  bulb,  where  they  terminate  in  free  end-arboriza- 


Fio.  131. — TnuiHTnse  section  thronBh  the  anterior  part  of  tlie  tmnk  of  »n  em- 
bryo of  Scyilium,  (After  Balfnar,}  up.  c,  Hpinal  con! :  in.  g.,  ganelion  of 
donni  root;  ar.  ventral  nwt ;  rfn.  dorsal,  up.  n.,  Tentral  braDuh  of  spinal 
nerve  ;  np.  part  of  muscle  plate  already  converted  into  muscle;  np.  I.,  pari 
of  muscle  plati^  pxtendinK  into  tlie  timb ;  ol.,  DGrvun  lateralis ;  oo,  aorta  ;  lA, 
notoehord  ;  tf.  g.,  Hvmpathvtic  ganglion  ;  ea.  «.,  cardinal  vein  ;  ad,  M'Riiientai 
duct ;  ft.  HeRmental  tube  :  dii.  duodenum  ;  *p.  rf..  Jnnction  of  hepetir  duct 
with  it;  pan.  niiliment  uf  pancreas  c»nni«ti>d  with  another  part  of  d 
denum  1  tmii,  opening  of  umbilic  '  ' 


bilirai  canal  (vitelline  duct). 


tions  within  the  olfactory  glomeruli.  In  these  neurones,  there- 
fore, the  only  representative  of  a  dendrite  is  the  hairlike  distal 
end  of  the  olfactory  sense  epithelial  cell,  and  the  bodies  of  the 
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ganglion  cells  are  more  anperficislly  placed  than  are  those  of 
any  other  mammsl  sense  organ. 

The  sympathetic  neiroua  system  is  that  which  shows  in  its 
development  the  most  marked  wanderings  of  the  different 
constituent  elements.  Soon  after  the  outgrowth  of  the  Bpina] 
nerves  toward  the  periphery  there  can  be  seen  coming  off  from 
them  at  the  dorsal  edge  of  the  ccelom,  short  visceral  branches, 
which  run  over  toward  the  aorta  {Fig.  181).  These  appear  before 
any  sympathetic  ganglia  are  present  and  correspond  to  the 
rami  communicantes.  All  authors  agree  that  the  ganglion 
cells  of  the  sympathetic  ganglia  have  an  origin  in  comm<Hi 
with  that  of  the  spinal  ganglia,  although  it  would  appear  that 
Onodi's  original  view  that  the  former  were  formed  by  a  sort  of 
pinching  off  of  the  latter  is  incorrect.  According  to  His,  the 
sympathetic   ganglion   cells  are   formed   from  unripe   motile 


Flo.  182.— Photomicrograph  by  A.  G.  Hoeii  of  section  through  a  nerve  in  tb«^ 
uf  the  hanwn  tongue.  Alcohol  fixation — htemntoiyliu  and  msJD,  TwusyD- 
pnthetic  gangUop  celU  art  vUible  iiulile  the  perve  tnink  uear  ite  tAge. 

elements  which  wander  out  from  the  spinal  ganglia  into  tbe 
regions  subsequently  occnpied  by  the  sympathetic  chmn. 
These  wandering  cells  traveling  in  tbe  paths  of  least  resistance 
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tend  to  collect  ia  grou])s,  the  sympathetic  ganglia ;  in  addi- 
iion,  scattered  along  the  sympathetic  nerve  trunks  throughout 
life,  single  ganglion  cells  remain  demonstrable.     Any  one  who 


Oimntciino  pitxti*. 


at  n  hrart  of  a  liuman 
cDibryu  atU-r  HiB  Jiinlor.  (From  J.  Kollmann.  Lrhrhuch  dvr  Eotwlike- 
lungmtesohivhte  dfs  Mi-nwhen,  Jena,  IBM.  S.  SSS.  Fig.  337.)  The  cardiiic 
nerVHi  frodi  the  vHguB  arv  dt'limt^,  thone  of  tlie  sympHlhetic:  coatwo,  io  the 
figore. 

has  carefully  studied  even  ordinary  sections  stained  in  hema- 
toxylin and  eoBin  from  the  heart,  alimentary  tract  (plexueeB  of 
Auerbach  and  Meissner),  the  tongue  (Fig.  122),  the  blood-ves- 
sels, the  bladder,  the  sexual  organs,  and  elsewhere,  must  be 
familiar  with  these  ganglion  cells,  and  it  is  now  believed  that 
all  of  them  which  are  to  be  found  in  the  viscera,  amounting 
to  thousands,  or  perhaps  millions,  of  elements,  have  had  their 
origin  in  this  nomadic  way.  The  younger  His*  and  Rom- 
berg have  already  worlced  out  the  mode  of  formation  of  the 
ganglia  belonging  to  the  heart,  and  have  thus  established  for 
the  first  time  a  satisfactory  anatomical  basis  for  the  physiology 
of  the  nerves  of  the  heart,  and  a  starting  point  whence  perhaps 

*  fits.  W..  Jr.,  u.  E.  Romberg.  Beitrfige  zur  HerzJDDervalioD.  Port- 
schr.d.  Med.,  Berl.,Bd.viii  (1690).  S,  374;  416.  HU,W.,Jr.  Demonstration 
von  Prfiparaten  u.  Modellen  ziir  Herzinnervation.  Verhandl.  d.  Cong.  (. 
inn«re  Med.  Wiesb.,  ii.  1S90.  His,  W.,  Jr.  Die  Entwickeliing  des  Herz- 
nerreDSTHtoiDB  bej  Wirbelthieren.  Abhandl.  d.  math.-phys.  CI.  d.  k.  sSehs. 
Oesellsch.d.Wiiisenscbn  Bd.  iTiii(1863).  No.  1.  For  a  recent  discussEon  con- 
cerning the  innervation  o(  the  heart  the  reader  is  referred  to  the  article  bf 
V.Ijeyden,  Kritische  Betnerkiingen  nber  Herznerven.  Deutsche  med.  Wchn- 
9chr.,'  Leipz.,  u.  Berl.,  Bd.  xiiy  (1898)  [Discussion],  Ver.-BeU.,  S.  145-147. 
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those  puzzling  clinical  problems  in  connection  with  the  cardiac 
neuroses  may  be  advantageously  approached  (Fig.  123).  It  is 
true  that  so  far  as  regards  the  exact  history  of  the  develop- 
ment  in  the  other  viscera,  we  are  for  the  most  part  still  pro- 
foundly ignorant,  and  a  vast  and  attractive  field  lies  here  open 
to  the  investigator. 

The  sympathetic  cells  differ  in  many  ways,  both  stnictunl 
and  functional,  from  all  other  ganglion  cells,  a  fact  which  is 
not  surprising  when  we  consider  the  peculiarities  of  their 
origin  and  of  their  environment.  Whereas  all  other  nerve 
cells  tend  to  be  aggregated  in  large  cell  communities,  more  or 
less  sharply  separated  off  from  the  tissues  in  general,  those  of 
the  sympathetic  system  are  much  more  isolated,  being  gathered 
together  only  in  small  heaps,  while  in  many  instances  single 
cells  maintaining  their  existence  far  from  all  their  fellows  are 
completely  isolated  in  the  wilds  of  the  body  tissues,  retaining 
communication  with  the  centres  only  by  means  of  their  non- 
medullated  axones.  Under  such  circumstances  it  is  perhaps 
but  little  wonder  that  these  cells,  like  the  pioneers  of  the  back- 
woods, should  present  peculiarities  both  in  habitus  and  con- 
duct. 


CHAPTER  XVIII. 

ON   THE  MECHANICAL  FACTORS   OF  DEVELOPMENT  AND  THE 
HUMAN   BODY   AS   A   SEGMENTED   ORGANISM. 

lechanical  factors  of  development — The  innervation  of  the  diaphragm — 
Segmentation  of  the  body — Metameres — Myotomes — Neurotomes — 
Angeiotomes — Sclerotomes — Enteromeres — Dermatomeres — Sclerozones 
— Part  played  by  the  marginal  veil — Relation  to  the  problems  of  he- 
redity. 

In  the  study  of  the  historical  development  of  the  nervous 
ystem,  mechanical  factors,  of  a  very  simple  nature,  when 
iewed  close  at  hand,  are  continually  met  with.  The  results  of 
he  bending  and  shaping  of  the  medullary  tube  in  its  early 
tages  are  apparently  comparable  in  many  respects.  His  thinks, 
rith  those  which  occur  in  a  simple  rubber  tube  when  subjected 
o  similar  influences.  The  peripheral  nerves  in  their  outgrowth 
oUow  always,  like  blood-vessels  in  their  advance,  the  channels 
if  least  resistance.  In  regions  where  there  is  much  bending  of 
he  body — ^for  example,  in  the  neck  and  lumbar  region — the 
lerve  trunks  converge  to  form  the  well-known  plexuses.*  If  a 
»nndle  of  nerves  in  its  outgrowth  meet  with  any  obstacle  in  its 
)ath,  such  as  a  bar  of  cartilage,  a  blood-vessel,  or  the  wall  of  a 
avity,  the  bundle  tends  to  divide,  a  portion  of  the  fibres  pass- 
ag  on  each  side  of  the  obstruction.  In  this  way  the  curious 
istribution  of  many  peripheral  nerves,  entirely  obscure  before 
hese  embryological  studies,  becomes  explicable.  An  instructive 
sample  of  the  light  afforded  in  certain  dark  corners  by  his- 
>genetic  studies  is  to  be  seen  in  the  innervation  of  the  dia- 
hragm. 

Von  "Baer  f  had  pointed  out  that  the  diaphragm  in  mam- 
lals  develops  at  first  in  the  neck  region  and  that  it  descends 

♦  Cf.  His,  W.  Ueber  den  Aufbaii  unseres  Nervensysteros.  Berl.  klin. 
^chnschr.,  Bd.  xxx  (1893),  S.  957;  996.  Also  in  Wien.  med.  Presse,  Bd. 
Lxiv  (1893),  S.  1477 ;  1521.  Also  in  Wien.  med.  BL,  Bd.  xvi  (1893),  S.  483 ;  497. 

f  T.  Baer,  K.  E.  Ueber  Entwickelungsgeschichte  der  Thiers ;  Beobach- 
mg  und  Reflexion.,  ii,  S.  226. 
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later.  He  suggested  its  cervical  origin  as  an  explanation  of  the 
well-known  fact  that  it  ie  innervated  (in  the  main  at  least)  by  & 
cervical  nerve,  Cadiat  *  and  His  f  recognized  the  mass  of  tis- 
sue which  in  the  embryo  is 
destined  to  give  rise  to  the 
diaphragm.  Mall  ^  has  studied 
the  position  of  the  diaphragm 
in  several  reconstmcted  hn- 
man  embryos,  and  his  re- 
searches, tidcen  together  with 
those  of  Uskow  "  and  Ram.| 
show  most  clearly  the  shifting 
of  the  organs  and  the  con- 
stantly changing  relatiooe  te- 
companying  the  flexion  and 
extension  of  the  embryo.  In 
Fig.  124  the  position  occupied 
by  the  diaphragm  at  varioni 
developmental  stages  is  clearlr 
shown.  The  position  marked 
xliii  corresponds  closely  to  the 
position  of  the  diaphragm  in 
the  adnlt ;  while  xii,  xviii,  i^ 
ii,  KO,  and  ix  represent  sat 
cessive  stages  of  the  wander- 
ing process  daring  develop- 
ment. When  the  phrenic  ner^e 
grows  into  the  diaphragm  the 
latter  is  in  the  cervical  region, 
and  the  distance  from  the 
spinal  cord  to  the  muscle  to 

*  Cadiat,  O.  Du  tIeTclnppemeiit  de  la  portion  ci^phalo-thoracique  d« 
Tembryon ;  ile  la  formation  du  diaphrogme,  des  plSvres,  du  pdricardc  do 
pharjnx  et  da  Toaophage,  J.  de  I'anat,  et  physiol.,  etc.,  Par.,  t.  xiv  (187W.pp. 
630-674. 

t  liis,  W.    Anatomie  menschlicher  Embryonen,  i,  1880;  in,  1885. 
t  Mall,  F.  P.     Derelopment  of  the  Human  CtBlora.     J.  Morpbol..  Boa. 
vol.  xii,  18ft6-'e7,  pp.  305-453. 

•  Uekow.  N.  Ueber  die  Entwickelung  des  Zwerchfells,  des  PericardiHUS 
und  des  CooloniB.     Arch,  f,  mikr.  Aiiat.,  Bonn,  Bd.  xxii  (1883),  S,  143-311. 

I  Havn,  E.  Die  BildungdesSaeptum  transversum  beim  Hnhnereml>i7& 
Arch.  f.  Anat.  u,  Phjsiol.,  Anat.  Abth.,  Leipz.  (1896),  S,  157-186, 
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be  innervated  is  minimal.  With  the  descent  of  the  dia- 
phragm the  phrenic  nerve  grows  and  goes  with  it,  so  that  in 
the  adult  we  have  an  abdominal  muscle  innervated  by  a  nerve 
of  the  neck.  The  work  of  His  upon  the  recurrent  laryngeal 
nerve,  and  of  Nussbaum  upon  the  wandering  of  muscles  and 
their  innervation,  are  of  interest  in  this  connection.  As  a  mat- 
ter of  fact,  an  entirely  new  conception  of  the  relations  of  the 
muscles  to  one  another,  and  to  the  nerves  and  bones,  has  been 
gained  through  the  anatomical  studies  of  Huxley,  Gegenbaur, 
Paterson,  Dohm,  R.  G.  Harrison,  Furbringer,  Mall,  Eisler,  Bolk, 
Ruge,  van  Wijhe,  and  others.  Since  from  a  morphological 
standpoint  the  muscles  are  most  easily  understood  by  consider- 
ing them  as  end  organs  of  the  motor  nerves  some  reference  to  the 
ideas  at  present  held  in  this  connection  will  here  be  in  place. 

As  is  well  known,  man,  in  common  with  a  large  series  of 
animals,  is  a  segmented  organism.  Even  in  the  adult  the  ver- 
tebral column,  the  roots  of  the  spinal  nerves,  the  ribs,  and  the 
transverse  bands  of  connective  tissue  in  the  rectus  abdominis 
muscle  give  evidence  of  this.  But  when  we  go  beneath  the 
surface  and  study  the  segmentation  of  the  body  of  man  and  other 
animals  in  the  embryo,  and  compare  the  relations  of  adult 
structures  with  the  embryological  memberment,  a  conception  of 
the  anatomy  of  the  human  body  is  gained  which  is  wholly  foreign 
to  and  impossible  for  the  ordinary  student  of  the  old-time  dis- 
secting room.  This  memberment  or  metamerism  is  most 
sharply  to  be  made  out  in  the  embryo  with  the  appearance  of 
the  primitive  segments  (protovertebrae,  metameres,  or  Urseg- 
mente  of  the  Germans).  The  muscular  system  is  originally  laid 
down  as  a  series  of  muscle  segments  (myotomes  or  somites) 
which  are  derived  from  the  dorsal  portion  of  the  metameres. 
The  segmentation  is  almost  as  clearly  visible  in  the  nervous 
system  (neural  segments,  neuromeres,  or  neurotomes),*  in  the 


♦  There  is  still  dispute  as  to  the  neuromeres.  The  term  was  applied  to 
the  segmentation  indicated  by  a  series  of  alternating  slight  enlargements 
and  constrictions  of  the  medullary  tube.  Each  enlargement  is  supposed  to 
correspond  to  a  pair  of  ventral  nerve  roots.  The  latter,  however,  appear  to 
spring  from  the  constriction  between  two  neuromeres,  and  Minot  (Human 
Embryology,  page  605)  suggests  that  the  ventral  roots  arise  from  half  of  two 
adjacent  true  neuromeres.  Cf.  Piatt.  Julia  B.  Bull.  Mus.  Comp.  Zoo!.,  at 
Harvard  College,  vol.  xviii  (1889),  p.  171.  Locy,  W.  A.  'Anat.  Anz.,  Jena, 
Bd.  ix  (1894),  S.  393.    Neal,  fl.  V.    Ibid,,  Bd.  xii  (1896),  S.  377. 


196 


THE  NERVOUS  SYSTEM. 


v&BCular  aystem  (vascular  segment  or  intersegment  or  angei- 
otome),  and  in  the  skeletal  system  (bone  segments  or  sclero- 
tomes) ;  it  is  also  to  be  made  out  probably,  thoagb  much  less 
distinctly,  in  the  alimentary  tract  (enteromeres)  and  in  the  in- 
tegument (dermatomeree).  The  overlapping  or  "telescoping" 
of  the  segments  and  of  the  segmental  derivatives  in  general 
complicates  the  study  in  human  beings,  but  without  the  con- 
ception of  segmentation  anatomy  can  not  easily  be  understood. 


a  Gmbiyo  in 


Fig.  185. 

\iTyo»  to  illustrate  the  develapment  of  the  chitrf  prodiiets  of  th< 
miuul  layer.  (After  van  Wijhe  and  Hcrtwig  fruni  A,  Baubpr.  1. 
Anatiimie  iix  Meiiselien,  Bd.  i,  Leipz.,  IHST,  S.  S3,  Figs.  IS,  10. 

A.  traiMvene  Mctiun  thruogb  the  region  uf  the  fnre  kidnef  of  i 

which  the  muscle  gegineat,  mp,  U  being  pinched  off. 

B,  transverse  section  through  a  somewhat  older  embryo  in  which  the  muti^ 

BTKiDi-ntB  have  been  pluched  off.  nr.  nerve  tube;  eh,  chorda  ;  aa,  aorta:  tck. 
BuU'hunlal  column  :  mp,  muscle  plate  of  the  primitive  segiuent ;  v.  looe  nT 
groiTth  by  which  the  muscle  plate  i)ends  around  into  the  sIciQ  plate.  q>;  ri. 
pii-ce  uniting  ttio  primitivo  negmenls  with  the  body  cavity  from  whicb  th 
tubules  of  the  primitive  kidney.  uJt.  develop:  't,  skeletogenous  tisEUe  vbirh 
arlEiea  by  proliferation  from  the  medial  wall  of  the  uniting  piece,  rb;  rtt.iv 
kidney;  mi',  mi",  parietal  and  vincpisl  middle  layer  out  of  the  wall*  J 
which  the  mesenchyme  develofis;  Ih,  body  cavity:  it,  layer  for  intt^tiul 
Bland.s;  A,  cavity  of  the  primitive  seRinent;  nit,  tubules  of  the  primitin 
kidney  ;  Hi',  point  of  separation  of  the  tuhulea  of  the  primitive  kidney  (ns 
the  Drimltive  seement ;  ug,  duct  of  primitive  kidney  with  whieh  the  kidmr 
n  the  right  side  ;  (r,  connection  of  the  tubules  of  ib 
.   .,     .    ._.      ......       «!,  DKjJ,  mescnchyiiie  whieh  to 


Leaving  out  those  of  the  bead,  the  number  of  which  is  not 
yet  exactly  determined,  the  human  body  has  from  thirty-five  W 


HISTOGBNETIC  RELATIONS  OP  THE  NEURONBa      I97 

thirty-seven  primitive  segments  or  metameres  on  each  side; 
eight   cervictd,  twelve  thoracic,  five  lumbar,  five  sacral,  and 


wickduDgsgist  hie  lite  dis  MenBcbeii,  Jvhh,  ISSS,  S.  133,  Fig,  TI.) 


from  five  to  eight  caudal.  The  primitive  segments  appear  in 
the  embryo  as  sharply  defined  masses  in  the  mesoderm  lateral 
from  the  chorda  dorsalia  and  the  medullary  tube.  They  appear 
one  by  one,  gradually  increasing  in  number  as  the  embryo 
grows,  those  in  the  cervical  region  being  the  first  to  become  de- 
veloped. Each  metamero  or  primitive  segment  is  divided  into 
a  dorsal  portion  and  a  ventral  portion.  The  dorsal  portion 
gives  rise,  as  we  have  seen,  to  the  myotome.  The  ventral  por- 
tions of  all  the  metameres  are  in  the  craniota  fused  to  form  a 
common  cavity,  the  hypocoelom,  sometimes  called  the  ventral 
or  nnsegmented  ccelom,  which  corresponds  to  the  body  cavity 
(pleura,  pericardium,  peritonteum),  Pig.  125. 

The  appearances  on  section  in  the  human  embryo  are  repre- 
sented in  Fig.  136. 

Each  myotome  or  muscle  segment  is  at  first  hollow,  but  later 
is  seen  to  be  filled  with  a  core  of  cells,  the  so-called  nucleus  of 
the  metamere  (Remak's  TJrwirbelkern).  These  cells  stream 
out  from  the  medial  side  of  each  myotome  to  form  the  sclero- 
tome or  skeletal  segment  (Fig.  127),  and  there  are  accordingly 
as  many  sclerotomes  as  there  are  myotomes. 
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Correspond ing  to  each  metamere  there  ia  an  artery  and  vein 
(vascular  segment  or  angeiotome).  Further,  each  metamere  be- 
hind the  head  receives  the  motor  root  and  the  sensory  root  of 
one  spinal  nerve.  This  spinal  nerve,  including  both  the  motor 
part  and  sensory  part  with  its  spinal  ganglion,  together  with  a 


Fio.  1S7.— Human  embryo  Bt  the  end  of  the  third  wii'k.  Oiws  m-cliim  ■!  tlit 
level  uf  the  dcvelopinK  upper  extremity  to  show  dfTeliiping  myotutur  and 
M'k'rotuiiiQ  ■  100.  (Aftf-r  J.  Kollnumn.  Lchrhuch  der  Eutwickeluugsgt 
K'hii'htt.'  (1<«  Mcnschtn.  Jena.  1M98,  S.  134,  Fig.  72. 1 

portion  of  the  medullary  tuhe  to  which  it  belongs,  represenla 
one  neural  segment  or  neurotome,* 

The  lines  which  in  the  embryo  separate  the  primitive  sef- 
ments  or  metameres  from  one  another  are  known  an  the  inter- 
segmental lines.  In  these  develop  later  those  myosepta  or 
myocommata  which  separate  the  myotomes  from  one  another, 
and  in  the  adult  give  origin  to  tlie  ribs  and  the  intermuscnUr 
septa. 

The  muscles  of  the  body  are  diviaible  into  (1)  skeletal  and 
(2)  visceral  muscles. 

The  skeletal  musculature,  which  includes  the  eye  muM^H 
the  muscles  of  the  trunk  and  of  the  extremities,  arises  from  the 
myotomes.  The  visceral  musculature,  which  includes  the  mitf- 
cles  of  the  alimentary  tract  and  of  the  blood  vasoalar  system. 

•  As  will  be  pointed  mil  in  Section  VI,  Ilead  thinks  that  a  conif»ns™ 
of  his  stuilios  with  those  ol  Sherrinpton  indicate  that  the  segment  in  ikf 
spinal  cord  does  not  exactly  correspond  to  the  nerve  roots  in  its  periplwiil 
relations. 
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ariaes  from  the  unsegmented  mesoderm,  eepecially  from  its 
visceral  or  splanchnic  layer.  There  has  been  some  dispute  as 
to  the  nature  of  the  muscles  of  the  head  (muscles  of  the  eyes, 
tongue,  jawB,  and  branchial  arches),  but  the  results  of  many 
investigators  make  it  seem  probable  that  they  have  their  origin 
in  atypical  myotomes  (ventral  portions  of  head  myotomes). 
Since  they  arise  from  the  cells  lining  the  cavities  of  the  bran- 
chial arches,  however,  a  number  of  investigators  look  upon  them 
as  belonging  to  the  visceral  musculature. 

During  development  marked  wanderings  of  the  muscles 
take  place,  and  it  is  exceedingly  interesting  to  attempt  to  trace 
the  relations  of  each  embryonic  myotome  to  the  adult  muscu- 
lature. In  general  it  would  appear  that  each  myotome  of  the 
trunk  nndergoes  subdivision  into  a  dorsal  part  and  a  ventral 
part,  these  two  portions  being  separated  from  one  another 
by  connective  tissue.  The  dorsal  part  of  a  myotome  gives 
rise  to  the  large  muscular  mass  which  occupies  the  costo- 
vertebral groove.  Fig.  128,  A  1.  The  ventral  part  of  the  myo- 
tome extends  out  into  the 
ventral  parietes  (Fig.  138,  A 
2,  3,  4, 5),  in  the  thorax,  for 
example,  helping  to  give 
rise  to  the  intercostal  mus- 
cles (2),  the  subvertebral 
muscles  (3),  the  subcostal 
muscles  (4),  and  the  mus-  1 
cles  of  the  upper  extremity 
(5).  The  ventral  muscula- 
ture (Fig.  128,  A  2,  3,  4,  5,  ^'•'-  laS-Seheme  of  bone  anil  mnscle  seR- 
,  Jl      °  ,         ,,  .  ',    ,,  mcnt.     (Aft^r  A,  Raulwr,  Lehrhtich  (l.T 

-_j  u  _  I  . .u »i,  .u.         -Qsunnie  d>»  Men-«ln-n,  V  Aufl.,  Le[pz., 

""  %  466,  Fi)(.  498. ) 


C  biidy  of  V- 


and  B  v.)  together  with  the 
dorsal  musculature  (Fig. 
128,  A  1,  B  d.)  make  up 
the  parietal  musculature 
derived  from  one  myotome. 
The  visceral  musculature 
corresponds  to  the  mass 
marked  (6)  in  the  figure.  """"'  '"'^'' 

The  division  of  the  parietal  musculature  into  a  dorsal  por- 
tion and  a  ventral  portion  separated  by  a  connective-tissue 
septum  is  very  much  more  distinct  in  lower  vertebrates  than  it 
is  in  man.      The  line  of  separation  between  the  dorsal  and 


I'ostnl ;  B,  intem»i      .     ,  ,  .. 

tremity ;  6.  TiBciral  muselo. 

i- — The  parietal  miui'li?  setcnient  hrciUElit  ti 

ltd  simplext  pipression  ;  d.  doraal  part ;  n, 
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rentral  muecalature  is  known  in  these  animals  as  the  Utenl 
line  {Seitenlinie  of  the  Germans),*  and  here  are  situated  an  im- 
portant series  of  sense  organs  known  as  the  "  sense  organs  of 
the  lateral  line."  It  is  not  unlikely  that  the  so-called  branchial 
sense  organs  (Beard),  vhich  appear  temporarily  in  the  r^on 
of  the  head  in  young  embryos  of  higher  forms,  correspond  to 
the  sense  organs  of  the  lateral  line  of  lower  animals. 

Each  myotome  has  a  neurotome  corresponding  to  it  by 
which  it  (along  with  the  skin  and  other  adjacent  stractuTeg)  is 
innervated.  The  ventral  and  dorsal  roots  of  a  spinal  nerv* 
unite  to  form  a  common  trunk,  the  mired  nerve  stem.  The 
latter,  the  peripheral  representative  of  one  neurotome,  divides 
into  a  dorsal  ramus  and  a  ventral  ramus.    The  dorsal  ramns  iit- 


Fio.  129.— Trauk  netcment  of  haman  embryo  with  one  pair  of  nerves  and  llit 
nidimpnt  of  the  muHrulAtare  nf  one  extremily  at  the  sixth  week,  schemilir. 
(After  J.  KnlltnnDi).  Lehrbach  der  Entwickclungsgeschichtt'  des  Metucbo. 
Jena,  1898,  S.  286,  Kig.  164. ) 

nervates  the  dorsal  portion  of  the  myotome,  the  ventral  ramm 
the  ventral  portion  of  the  myotome,  Fig.  129. 

At  the  time  the  union  of  the  neurotome  with  the  myotome 
occurs,  the  latter  is  in  close  proximity  to  the  medullary  tobe, 

*  Corresponding  to  this  we  havo  id  human  bein^^  the  deep  Urcr  of  th 
fascia  lumbodorsalis  separatitig  the  dorsal  musculature  of  the  trunk  tioa 
the  ventral. 
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and  the  distance  to  be  traversed  by  the  outgrowing  nerve  is 
minimal.  As  development  proceeds,  however,  the  muscles 
change  their  position,  in  large  part  owing  to  their  skeletal  at- 
tachments, and  become  farther  and  farther  removed  from  the 
places  in  which  they  originate.  The  displaced  myotome  deriva- 
tives carry  their  nerve  branches  with  them ;  where  the  muscle 
goes,  the  nerve  accompanies  it.  In  the  adult  the  easiest  clew,  as 
a  matter  of  fact,  to  the  myotomic  origin  of  a  given  muscle  is  its 
nerve  supply. 

Some  of  the  muscles  of  the  adult  body  have  been  derived 
from  more  than  one  myotome.  Thus,  those  arising  from  two 
myotomes  are  known  as  diplomeric  muscles  (e.  g.,  the  supra- 
spinatus  and  infraspinatus  muscles),  those  from  more  than  two 
myotomes  as  polymeric  muscles  (e.  g.  the  pectoralis  major  and 
minor  muscles).  In  such  instances  the  diplomeric  or  polymeric 
origin  of  a  muscle  is  indicated  in  the  adult  by  its  diplomeric 
or  polymeric  innervation,  for  muscles  derived  from  more  than 
one  myotome  are  innervated  by  nerves  derived  from  the  ventral 
roots  belonging  to  more  than  one  neurotome. 

The  origin  of  the  muscles  of  the  extremities  and  the  inner- 
vation of  these  muscles  are  of  especial  interest.  For  our  knowl- 
edge in  this  connection  we  are  much  indebted  to  Dohm,*  P. 
Mayer,  f  Eastner,^  Paterson,  *  van  Wijhe,||  van  Bemmelen,^ 

♦  Dohrn,  A.  Studien  zur  Urgeschichte  des  WirbelthierkOrpers.  VI.  Die 
paarigen  und  anpaaren  Flossen  der  Selachier.  Mittheil.  aus  der  zool. 
Station  zii  Neapel,  Bd.  v  (1884).  Also,  Die  unpaare  Flosse  in  ihrer  Bedeu- 
tung  fQr  die  Beurtheilung  der  genealogischen  Stellung  der  Tunicaten  und 
des  Amphioxus,  und  die  Reste  der  Beckenflosse  bei  Petromyzon.  Jbid.,  Bd. 
Ti  (1885). 

t  Mayer,  P.  Die  unpaaren  Flossen  der  Selachier.  Mittheil.  aus  der 
zool.  Station  zu  Neapel,  Bd.  vi  (1885). 

X  Kfistner,  S.  Ueber  die  allgemeine  Entwickelung  der  Rumpf-  und 
Schwanzmusculatur  bei  Wirbelthieren ;  mit  besonderer  BerQcksichtignng 
der  Selachier.  Arch.  f.  Anat.  und  Phys.,  anat.  Abtheil.,  Leipz.  (1892),  S.  153- 
222 ;  also  Ueber  die  Entstehung  der  Extremitatenmusculatur  bei  den  anu- 
ren  Amphibien.    Verhandl.  d.  anat.  Gesellsch.,  Jena,  1893,  Bd.  vii,  S.  193-199. 

•  Paterson,  A.  M.  On  the  Fate  of  the  Muscle  Plate  and  the  Develop- 
ment of  the  Spinal  Nerves  and  Limb-Plexuses  in  Birds  and  Mammals. 
Quart.  J.  Micr.  Sc..  Lond.,  n.  s.,  vol.  xxviii  (1887-'88),  pp.  109-129. 

I  van  Wijhe,  J.  W.  Ueber  die  Mesoderm segmente  und  die  Entwickelung 
der  Nerven  des  Selachierkopfes.  Yerhandel.  d.  k.  Akad.  v.  Wetensch.  Amst., 
Deel  xxii  (1883),  pp.  1-30. 

^  van  Bemmelen,  J.  F.     Ueber  die  Herkunft  der  Extremitfiten-  und 
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Kollmann,*  and  in  America,  Ryder,|  and  especially  R.  G.  Ear- 
riBon.l     The  musculature  of  the  extremities  is  derived  in  the 


Fio.  130.— Reccinnti 

trating  thp  nHition  cil  the    H.  rectus  abaon 

(After  F.  P.  Hall,  J.  Horphol..  BosL,  vol.  liv  UOW-'SSi.  Pi.  B,  Fig. 

Ziingenmuskuiiitur  bei  Kidechsen.  Aiiat.  Anz.,  Jena.  Bd.  iv  (1S8&),  S. 
340-355. 

*  KoUinsDn,  J.  Die  Rumpf^ejrmente  iDeoschlicher  Embryonen  tod  13 
bis  35  Urwirbcln.  Arch.  f.  Anat.  und  Pb;&.  Leipz..  Anat.  Abtheil.  (18»1V 
S.  3B-88. 

t  Ryiler,  J.  A.  A  Contribution  to  the  Erabryography  of  Osseous  Fifbo 
witb  Special  Reference  to  the  DeTelopmeiit  ot  the  Cod  (Gadua  moirhoi). 
Annual  Report  U.  S.  Com.  of  Fish  and  Fisheries  for  1883. 

I  Harrison,  R.  0,  I'eber  die  Entwickelung  Jer  nicht  knorpelig  rat- 
{^bildeten  SkeleltheJIe  in  den  Flossen  der  T^lecsEier.  Arch,  t  Mikr.  AMt- 
Bonn.  Bd.  xlii  (1893) :  also  The  Development  of  the  Fina  of  Teleosts.  Tlw 
Johns  Hopkins  University  Circulars  (1694).  No.  Ill :  also  The  Metamerism 
ot  the  Dorsal  and  the  Ventral  Longitudinal  Muscles  of  the  Teleosts.  Tbt 
Johns  Hopkins  University  Circulars  (1894).  No.  til  ;  also  Die  Entwjckelunf: 
der  unpaaren  und  paari^en  Flossen  der  Teleoslier.  Arch.  f.  mikr.  AuU 
Bonn,  Bd.  xlvi  (18S5),  S.  500-578. 
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maia  from  muscle  buds  which  are  pinched  off  during  develop- 
ment from  the  trunk  myotomes.  According  to  Harrison,  a  cer- 
tain number  of  the  muscles  of  the  extremities  are  derived  from 
the  unsegmented  mesenchyme  rather  than  from  the  myotomes. 
It  seems  likely  that  the  relations  of  myotome  to  neurotome 
hold  also  for  the  extremities,  but  thus  far,  owing  to  the  ex- 
tremely complicated  processes  of  development,  it  has  been  im- 


[O.  131.— Fields  on  the  external  surfiice  of  the  os  innoniinatum  corresponding 
t»  the  Bttachmrut  nf  the  various  muscles,  Tiio  thomco-lumbo-Ritrral  norven 
rl2th-lBthl  governinii;  the  individual  muscles  «re  indicated.  (After  L.  ftrtk. 
Murphol.  Jahrb.,  Lcipz.,  Bd.  xxi.  1B»4,  S.  243.  Fig,  1.) 


possible  to  determine  this  absolutely.     Here  also  in  the  adult 
fltracttire  it  seems  probable,  however,  that  the  neurotome  supply. 
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when  it  can  be  established,  is  a  safe  guide  to  follow  in  drawing 
conclusions  as  to  the  myotomic  origin  of  the  various  musclea. 


Flu.  13:?. -Outf  r  sur&cv  of  o*  iimominatum.  The  line*  bound  the  arms  in 
which  Hix'  found  the  uttachuietits>  of  the  mti&icle  iua2Si«es  derive«i  from  the 
iii>'i»t*.>mcs  iikuvrvHtiHl  by  the  I2th  to  the  I9th  thoraeo-himbo-^acral  nerves. 
The  usirdle  JfiiUieJi  on  the  hone  between  the  lines  are  the  so-«illed  **sclen)- 
xoneii.'*    (AfUr  L.  Bi»lk.  Morphol.  Jahrb..  Leiya..  Bd.  xxi,  1894. S. ^45,  Fig.i) 

That  these  general  principles  hold  for  the  human  abdominal 
uiuacles  and  their  innervation  has  recently  been  demonstrated 
bv  MalU*  V\g.  130. 


♦  Mall,  F.  P.     I>eveU»j.ment  of  the  Ventral  Abdominal  Walls  in  Mad. 
J.  Mor^.hul.,  Bust.,  vol.  xiv  a8i^T-*9^),  pp.  347--;J««. 
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An  extensive  series  of  investigations  undertaken  by  Bolk  * 
must  here  be  referred  to.  His  results  regarding  the  innerva- 
tion of  the  muscles  of  the  pelvis  and  their  bony  attachments 
may  be  chosen  as  an  example.  As  will  be  seen  by  reference  to 
Fig.  131,  there  are  successively  attached  to  the  ilium  in  a  ven- 


Fio.  133. — Reconstructed  form  of  pelvis  of  human  fa^tus.  illustrating  skeletal 
areas  corresponding  to  the  myotomes  innervated  by  the  12th-19th  thoraco- 
lumbo-sacral  nerves.  (After  L.  Bolk,  Morphol.  Jahrb.,  Leipz.,  Bd.  xxi, 
18W,  S.  256,  Fig.  3. ) 

tro-dorsal  direction  the  following  muscles:  (1)  M.  sartorius; 
(2)  M.  tensor  fasciaB  latae ;  (3)  M.  glutaeus  minimus;  (4)  M. 
glutseus  medius,  (5)  M.  glutaeus  maximus ;  (6)  M.  piriformis. 

♦  Bolk,  L.  Beziehangen  zwischen  Skelet,  Muskulatur  und  Nerven  der 
Extremitj&ten,  dargelegt  am  BeckengQrtelf  an  dessen  Muskulatur,  sowie  am 
Plexus  lumbosacralis.  Morphol.  Jahrb.,  Bd.  xxi  (1894),  S.  241-277  ;  also, 
Rekonstruktion  der  Segroentirung  der  Gliedmassenmuskulatur,  dargelegt 
an  den  Muskeln  des  Oberschenkels  und  des  SchultergUrtels.  Morphol. 
Jahrb.,  Leipz.,  Bd.  xxii  (1894-'95),  S.  357-879;  also.  Die  Sklerozonie  des  Hu- 
merus; zugleich  ein  Beitrag  zur  Bildungsgeschichte  dieses  Skelettheiles. 
Morphol.  Jahrb.,  Leipz.,  Bd.  xxiii  (1895),  S.  391-411 ;  and  Die  Segmental- 
differenzirang  des  menschlichen  Rumpfes  und  seiner  Extremitftten.  Mor- 
phol. Jahrb.,  Leipz.,  Bd.  xxv,  H.  4,  S.  465. 
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These  mnaclea  are  inneryated  by  a  correspondiiig  aeries  of  ven- 
tral roots,  as  is  shown  by  the  accompanying  table. 

Table  L 


Serial  sequence  of  Che  muactes  acconUnif 
Co  their  origla  from  the  iiium  in  ven- 
Cro-dorsal  directton. 


1.  M.  sartorius. 

2.  M.  tenaor  fasciae  lalm. 
S.  M.  g^lutaras  minimus. 

4.  M.  glateus  medins. 

5.  M.  gluta^os  maxim  OS. 

6.  M.  piriformis. 


DuierTalaoa  of  the  muH'les   by  thoraccK 
Inmbo-^acral  spinal  nerrea. 


14 

15 

IS 

(171 

0 

IS 

17 

IS 

17 

18 

17 

18 

18 

19 
19 

Again,  the  following  mascles  are  snccessiyely  attached  to  the 
pubis  and  ischiam  in  ventrodorsal  direction. 

(1)  M.  rectos  abdominis,  M.  pectineos,  M.  adductor  longus, 
M.  adductor  brevis,  M.  gracilis,  M.  adductor  magnus,  M.  ob- 
turator extemus,  portio  ischiadica  M.  adductoris  magni,  M. 
quadriceps  femoris  with  the  M.  gemellus  inferior,  M.  semimein- 
branosus,  M.  semitendinosus,  M.  biceps  femoris,  M.  gemellus 
superior  (obturator  intemus).  These  muscles  are  in  a  similar 
way  innervated  by  a  series  of  ventral  motor  roots  of  spinal 
nerves  passing  in  a  cranio-caudal  direction,  as  the  following 

table  makes  clear : 

Table  II. 


fterlal  seqneDoe  of  the  mmcles  aecordfaw 
to  their  orifftn   from   the   pobia  and 
Jflchfum  hi  Tentro-doraal  direction. 

Innenration  of  the  muscles  br  the  follow- 
ing thoraco-himbo-sacTml  spinal  nerres. 

1.  M.  rectos  abdominis. 

6-12 

2.  M.  pectinens. 

14 

15 

3.  M.  add  actor  longas. 

14 

15 

4.  M.  addnctor  brevis. 

14 

15 

16 

5.  M.  gracilis. 

15 

16 

6.  M.  adductor  raagnns. 

15 

16 

7.  M.  obturator  externus. 

15 

16 

8.  Portio  ischiadica  M.  adductoris 

magni. 

16 

9.  M.  quadriceps  femoris  +  M.  ge- 

raelhis  inferior. 

16 

17 

18 

10.  M.  semimembranosus. 

16 

17 

11.  M.  semitendinosus. 

17 

18 

12.  M.  biceps  femoris. 

18    19 

18.  M.  obtnratxtr  intemus  (gemellus 

superior). 

16 

17 

18    19 
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Bolk  has  accordingly  drawn  a  series  of  lines  over  the  surface 
of  the  pelvis  corresponding  to  the  limits  of  the  attachments  of 
the  derivatiyes  of  successive  myotomes.    The  position  of  these 
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Fig.  136. — Arrangement  of  the  prozoual  dorsal  N.  femoralis.     (After  L.  Bolk, 

Morphol.  Jahrb.,  Bd.  zxi,  1894,  S.  263,  Fig.  6.) 

lines  corresponds  to  the  myocommata  or  mesodermal  sepU 
which  in  the  embryo  separate  the  myotomes  from  one  another. 
It  seems  likely  that  the  distribution  of  one  myotome  stands  in 
a  definite  relation  to  that  of  a  given  sclerotome.  The  surface 
of  the  bone  giving  attachment  to  the  muscles  derived  from  a 
given  myotome  is  known  as  a  sclerozone.  In  Figs.  131  and  132 
the  various  sclerozones  on  the  outer  surface  of  the  pelvis  are 
demonstrated.  It  will  be  noticed  that  the  muscles  attached 
to  the  ventral  surface  of  the  pelvis  have  been  derived  from 
myotomes  more  anteriorly  placed,  while  those  attached  to  the 
dorsal  part  of  the  pelvis  have  originated  in  myotomes  more 
caudally  situated. 

That  the  relations  are  much  more  simple  in  the  embryo  is 
not  surprising,  and  Bolk  has  done  anatomy  an  important  ser- 
vice in  pointing  this  out.    In  Figs.  133  to   138  the  foetal 
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conditions  are  illustrated.  The  sclerozones  at  this  period  are 
limited  by  straight  lines.  The  bone  is  much  simpler  in  form, 
the  complexity  of  the  later  relations  of  the  muscles  and  nerves 
being  in  large  part  due  to  skeletal  alterations.  For  a  descrip- 
tion of  the  (1)  prozonal,  (2)  diazonal,  and  (3)  metazonal  nerve 
trunks*  ((1)  N.  femoralis,  (2)  X.  obturatorius  and  (3)  N. 
ischiadicus,  Nn.  glutaai  and  X.  obturatorius  intemus)  and  the 
mechanical  factors  which  have  led  to  the  curious  distributions 
of  muscles  and  nerves  in  the  adult,  the  original  article  of  Bolk 
may  be  consulted.     An  excellent  epitome  of  portions  of  the  re- 


FiG.   137. — Arrangement  of  the  diazonal  ventral   N.  obturatorius.     (After  L. 
Bolk,  Morphol.  Jahrb.,  Bd.  xxi,  1894,  S.  285,  Fig.  7.) 

search  is  given  in  the  last  edition  of  Ilauber's  Text-book  of 
Anatomy,  t 

The  sclerozonic  anatomy  of  the  humerus  is  indicated  in 
Figs.  139  to  142.     Bolk  believes  that  the  mesenchyme  out  of 


♦  Nomenclature  of  Max  FQrbringer. 

f  Raaber,  A.    Lehrbach  der  Aiiatomie  des  Menschen. 

(1896),  Bd.  ii,  S.  566  ff. 
15 


V.  Aufl.,  Leipz. 
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which  that  portion  of  the  skeleton  which  corresponds  to  a 
sclerozone  is  formed  arises  from  the  same  segment  as  the  myo- 
mere belonging  to  the  sclerozone,  but  will  not  assert  that  the 
whole  mesenchyme  undergoes  segmentation — that  is,  that  a  defi- 
nite metamerism  of  its  whole  substance  can  be  demonstrated. 

It  appears  that  the  humerus  is  formed  of  the  mesenchyme 
corresponding  to  the  fifth,  sixth,  seventh,  and  eighth  cervical 
myomeres.  It  is  a  curious  circumstance  that  of  the  muscles  of 
the  humerus  in  the  proximul  part  of  the  bone,  all  are  derived 
from  the  dorsal  layer  of  the  musculature,  none  from  the  ventral 
(cf.  stratum  dorsale  and  stratum  ventrale  in  Fig.  129).  The 
only  muscle  of  ventral  origin  at  the  proximal  end  of  the  ho- 


Fio.  138.-- Arrangement  of  the  ventral  and  dorsal  prossonal,  diasonal,  and  niet»- 
aonal  nerves.     (After  L.  Bolk,  Morphol.  Jahrb.,  Bd.  xxi,  1894,  S.  268,  FiiJ.  8.' 


merus  is  the  long  head  of  the  biceps,  which  comes  from  the 
stratum  ventrale  derived  from  the  fifth  and  sixth  cervical  mvo- 
meres.    Even  this  is  not  connected  with  the  ventral  surface  of 
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the  axial  blastema,  but  lies  instead  in  the  bicipital  groove  (sul- 
cus intertubercularis),  a  fact  which  Bolk  looks  upon  as  evidence 
that  the  ventral  mass  of  the  axial  blastema  has  in  this  region 
not  been  differentiated.  Despite  the  fact  that  the  sclerozones 
longitudinally  considered  take  a  tortuous  course  down  the  hu- 


FiG.  139. — Six  transverse  sections  through  a  right  upper  arm,  I-VI,  at  the  diflfer- 
ent  levels  indicated  in  the  longitudinal  view  of  the  humerus.  The  relation 
of  the  (dark)  ventroplanum  to  the  (colorless)  dorsoplanum,  as  well  as  the 
position  of  the  4-6  cervical  sclerozones,  are  illustrated.  (After  L.  Boll^, 
Morphol.  Jahrb.,  Leipz.,  Bd.  xxiii,  1805,  S.  401,  Fig.  4.) 


merus,  they  are  reciprocally  regularly  arranged,  as  the  cross 
sections  of  Fig.  139  show.  That  the  ventral  and  dorsal  muscu- 
lature, even  in  the  adult,  form  two  sharply  separable  groups, 
and  that  in  each  of  these  groups  the  primitive  segmental 
arrangement  is  discoverable,  will  be  clear  from  a  study  of  Figs. 
140  to  142. 

The  most  wonderful,  however,  of  all  the  mechanical  factors 
concerned  in  the  development  of  the  nervous  system  would  seem 
to  be  those  which,  according  to  the  ingenious  hypotheses  of 
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Hia,  are  connected  with  the  marginal  veil.  It  is  almost  like  s 
fairy  tale  to  be  told  that  the  direction  of  many  millions  of 
white  fibres  within  the  central  nervous  Byatem  during  develop- 
ment depends  upon  simple  obstructionB  offered  at  the  proper 
time  and  in  the  right  degree  to  the  outgrowing  processes  of 
the  neuroblasts.  We  have  seen  the  long  distauces  which 
certain  of  the  axones  have  to  travel  from  their  cells  of  origin 
in  order  to  reach  the  cell  bodies  and  dendrites  of  the  other 
neurones  which  they  have  to  influence,  some  of  the  axones  of 
the  fibres  of  the  pyramidal  tract,  for  instance,  having  to  extend 


Fig.  140.— TranHvrTNp  wction  throufth  the  niusculaRin-  of  tlir  shuiildpraDd  chnt 
Thu  hivv}'  dark  liuL'  iiidicateti  the  limit  betn-ivii  vvntral  uiid  (liir»l  drrin- 
tivi»  iif  Ihc  myiimcn-H.  The  other  Mate  shiiw  the  limits  .if  tlio  pnidiicb'  U 
the  4th-t)tli  wrvieo-thLnicic  myomeres,  (.^flor  L.  Bolk.  Murphol.  J«lirti, 
U'ipE.,  Bd.  ixiii,  1S03.  S.  4US,  Fig.  10.) 

from  the  gyri  centrales  to  the  lumbar  region  of  the  spinal  cord 
We  have  also  noted  the  manifold  metamorphoses  passed  throagli 
in  some  localities  at  several  periods  of  development.  And  when 
one  recalls  these  distances  and  complications,  even  when  less- 
ened and  simplified  by  looking  throogh  the  large  end  of  the 
telescope  of  embryology,  it  seems  almost  inconceivable  thit 
mechanical  factors  alone  should  so  direct  the  inherent  activi- 
ticB  of  the  growing  tissues  as  to  ultimately  give  rise  to  adult 
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structures  which,  when  examined  with   high   powers  of  tho 
microscope  in  the  corresponding  parts  in  two  different  indi- 


vidaals,  are  scarcely  diatinguiahaUe  Especially  dumbfounding 
is  it  to  be  told  that  the  same  developmental  factors  hold  in  the 
conTolutioQB  of  the  cerebrum ;  in  that  portion  of  man's  nervous 


system  which  we  believe  to  be  functionally  concerned  in  his 
mental  processes ;  and  particularly  when  we  reflect  that  both 
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the  bodily  and  mental  characteristics  of  the  indiyidual  are 
hereditarily  transmissible.  As  His  finely  puts  it  (the  trans- 
lation is  free) :  ''  It  is  exactly  in  these  last  considerations  that 
the  key  for  the  correct  understanding  of  the  special  relations 
is  to  be  sought.  Like  every  other  organic  formation  process, 
the  origin  of  one^s  body  and  of  its  nerrous  system  appears 
as  the  expression  of  a  life  process  in  course  of  progress  (im 
Gang  hefindlichen  Lebensprocess).  The  beginning  of  the  pro- 
cess we  do  not  know,  for  since  time  immemorial  it  has  been 
striding  forward,  periodically  producing  new  individuals  and 
again  destroying  them.  Each  individual  life  is  only  a  partici- 
pating member  of  the  life  of  its  generation  series,  comparable 
to  a  single  one  of  the  waves  resulting  from  the  propagation  of 
one  wave  over  wide  surfaces  of  the  sea.  Advancing  from  one 
member  to  another,  the  life  of  the  generation  passes  through 
phases  of  the  greatest  simplicity  in  order  to  elevate  itself  again 
to  summits  of  the  greatest  total  energy.  In  those  phases  of 
the  transference  of  life  from  member  to  member,  the  mass  serv- 
ing as  the  bearer  of  it  sinks  to  a  minimum.  An  imponderable 
amount  of  material  suffices  to  carry  over  the  life  in  a  strictly 
regiUar  way.  And  while  life  is  a  periodical  process  there  is  an 
all-pervading  law  which  commands  all  its  component  processes 
and  their  internal  connection.  In  such  a  mechanism  one  pro- 
cess goes  over  into  another ;  each  appears  at  a  given  time  as  a 
definite  sequence  of  processes  which  have  gone  before,  and  at 
the  same  time  as  the  necessary  determinant  of  processes  which 
shall  come  after.  And  even  where  processes  of  apparently  dif- 
ferent origin  and  significance  reciprocally  influence  one  another, 
yet  they  all  act  at  the  place  assigned  to  them  by  the  general 
law,  and  do  no  more  and  no  less  than  is  ordered.'' 

It  is  now  necessary  to  hasten  on  to  the  consideration  of  the 
neurone  as  the  unit  in  physiological  and  pathological  processes. 


SECTION  V. 

THE  NEURONE  AS  THE  UNIT  IN  PHYSIOLOGICAL  AND 

PATHOLOGICAL  PROCESSES. 


CHAPTER   XIX. 

INTRODUCTORY. 

The  cell  doctrine  and  the  nervous  system — Physiology  of  the  neurones — The 
metabolism  and  nutrition  of  neurones — Effect  of  alteration  in  blood 
supply — The  food  stuffs  and  excretory  products  of  neurones — Constancy 
of  function  despite  continual  change. 

Forty  years  have  passed  since  Virchow,  in  his  Cellular 
Pathology,*  gave  expression  to  the  conviction  that  every  ani- 
mal appears  as  a  sum  of  vital  units,  each  of  which  exhibits 
in  itself  all  the  characteristics  belonging  to  life.  It  was  his 
belief  that  the  character  and  the  unity  of  life  are  referable  not 
to  any  single  locality  of  a  higher  organization — for  example,  to 
the  brain  of  man — but  rather  to  the  definite  constantly  recur- 
ring arrangement  {Einrichtung)  which  everj  single  element 
bears  within  itself.  According  to  this  view,  the  composition 
of  a  larger  body,  of  the  so^jalled  individual,  always  depends 
upon  a  social  arrangement ;  it  represents,  in  fact,  a  social 
organism,  in  which  there  is  a  mass  of  single  existences  related 
to  one  another  in  such  a  way  that  every  element  has  its  own 
special  activity,  and  each,  even  when  incited  to  activity  by 
other  parts,  does  its  work  of  itself.  While  this  concept,  which 
led  to  a  revolution  in  the  prevailing  ideas  regarding  pathol- 
ogy, was  accepted  for  the  body  in  general,  its  application  to 
the  nervous  system,  and  especially  to  the  brain,  was  for  a  long 
time  very  little  emphasized  and  only  recognized  in  a  vague 
sort  of  way.     And  indeed  this  can  hardly  be  matter  of  sur- 

♦  Virchow,  R.-  Die  Cellularpathologie  in  ihrer  BegrQndung  auf  physio- 
logische  und  pathologische  Qewebelehre.  Zwanzig  Vorlesungen.,  xvi,  pp. 
440,  8vo,  BerL,  1858. 
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prise  when  we  consider  the  crudeness  of  knowledge  at  that 
time  of  the  structures  concerned.  But  with  the  establishment 
of  the  neurone  concept  of  the  nervous  system  the  importance 
and  applicability  of  such  a  view  of  its  constituent  organs  can 
be  more  fully  appreciated.  Only  after  it  had  been  clearly  shown 
that  the  nervous  system,  like  all  other  tissues,  consists  of  ele- 
ments more  or  less  isolated  and  independent,  and  connected 
directly  with  one  another  apparently  only  by  contact,  con- 
crescence, or  protoplasmic  bridges,  and  after  we  had  learned  to 
recognize  the  different  structures  which  belong  to  the  single 
elements,  could  the  study  of  the  functional  units  in  the  nervous 
system  be  satisfactorily  approached. 

An  extensive  series  of  physiological  and  pathological  data 
concerning  nerve  cells  and  nerve  fibres  has  been  accumulated. 
Many  of  these  data  appear  to  be  discordant  or  eyen  actuallj 
contradictory.  It  will  be  of  interest  to  consider  briefly  how 
some  of  them  appear  when  regarded  from  our  new  visual  angle, 
and  to  see  in  how  far  the  new  doctrine  has  brought  into  agree- 
ment results  which  were  formerly  adduced  on  both  sides  in 
support  of  conflicting  views. 

In  a  systematic  description  of  the  physiology  of  the  neu- 
rones it  would  be  necessary  to  consider  not  only  the  functions 
which  they  possess  in  common  with  all  cells,  including  such 
fundamental  phenomena  as  those  of  metabolism  and  reproduc- 
tion, but  also  those  which  are  peculiar  to  neurones  in  general 
and  to  neurones  in  particular.  The  facts  already  collected 
bearing  on  these  points,  if  adequately  discussed,  would  demand 
the  space  of  a  volume  of  considerable  size,  although  they  repre- 
sent but  an  infinitesimal  amount  of  knowledge  compared  with 
that  which  is  still  needed  to  explain  all  the  complicated  mani- 
festations of  the  various  parts  of  the  nervous  mechanism  of 
mammals.  I  shall  bring  forward  at  this  time  only  a  few  of  the 
physiological  and  pathological  considerations  which  seem  to  be 
of  especial  importance  in  relation  to  the  morphological  charac- 
teristics previously  outlined.  It  will  be  most  convenient  to 
divide  these  into  three  classes:  (1)  Those  bearing  upon  the 
metabolism  of  the  neurones,  (2)  those  concerning  the  phenom- 
ena of  irritability  as  manifested  by  the  neurones,  and  (3)  those 
referring  to  the  interdependence  of  the  trophic  function  Mid 
the  manifestations  of  irritability.  From  a  discussion  of  these 
it  will  be  found  that  the  physiological  independence  of  the 
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neurone  is  as  marked  a  feature  as  might  have  been  expected 
from  our  knowledge  of  its  morphology. 

The  Metabolism  and  Nutrition  of  Neurones, — To  the  study 
of  the  nutritive  processes  in  neurones  or  their  metabolism — 
anabolic  and  catabolic — attaches  a  high  degree  of  interest, 
although  the  subject  is  attended  with  great  difficulties.  Like 
all  other  cells  of  the  body,  the  living  neurones  take  up  food 
materials  into  their  substance,  transform  them,  and  gradually 
build  them  up  through  a  series  of  synthetic  processes  into 
highly  complex  and  extremely  labile  chemical  compounds, 
which,  in  turn,  undergo  a  series  of  decomposition  reactions 
which  culminate  finally  in  the  formation  of  more  or  less  simple 
bodies,  which  we  recognize  as  the  excretory  products  of  neurone 
metabolism.  There  is  every  reason  to  believe  that  in  these 
various  modifications  of  chemical  materials  by  means  of  which 
the  potential  energy  of  the  food  is  transformed  into  the  kinetic 
energy  which  gives  rise  to  what  are  called  the  "  vital "  mani- 
festations of  the  neurones,  chemical  compounds  come  into 
existence,  in  some  of  the  neurones  at  least,  of  a  degree  of  com- 
plexity scarcely  approached  elsewhere  on  this  planet,  and  before 
the  nature  of  which  the  most  advanced  organic  chemist  stands 
utterly  powerless  and  despondent.  It  is  in  the  nervous  system 
of  all  parts  of  the  human  body  that  the  delicacy  and  complex- 
ity of  the  chemistry  of  metabolism  are  most  in  evidence.  It  is 
there  that  we  find  the  best  examples  of  the  extreme  instability 
of  the  "  living  "  substances,  in  that  the  slightest  influence  will 
often  suffice  to  bring  about  remarkable  transformations  and 
extensive  functional  manifestations  in  the  cells.  To  quote 
from  Pflueger :  "  What  infinitesimally  small  active  forces  acting 
in  a  ray  of  light  call  forth  the  most  powerful  effects  in  the 
retina  and  in  the  brain  !  How  entirely  minimal  are  the  active 
forces  of  the  nerves ;  what  wonderfully  minute  quantities  of  cer- 
tain poisons  suffice  to  completely  destroy  a  large  living  animal ! " 

The  dependence  of  the  neurones  upon  nutritive  influences 
is  well  shown  in  certain  circulatory  disturbances.  When  the 
nutrition  of  the  brain  falls  below  a  certain  minimum  the 
mental  capacities  become  clouded  or  may  even  vanish.  In 
fainting,  we  have  the  proof  that  without  an  adequate  supply  of 
oxygenated  blood  complete  consciousness  can  not  be  maintained 
even  for  a  second.  The  blood  supply  to  the  nervous  system  is 
extremely  well  provided  for  by  the  circulatory  apparatus  of  the 
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Lrain  and  spinal  cord,  though  there  would  appear  to  be  a  gnve 
imperfection  in  the  arrangement  of  the  arterial  system  which 
terminates  in  the  so-called  end  arteries,  so  that  the  blocking  of 
a  single  one  leads  inevitably  to  the  death  of  the  territory  sap. 
plied  by  it. 

As  to  the  nature  of  the  substances  which  represent  the  raw 
food  stuffs  of  the  neurones,  we  have  as  yet  but  little  definite 
information.  While  ultimately  the  substances  taken  up  as  food 
stuff  by  the  neurones  must  be  derived  from  the  general  food 
ingested  by  the  individual,  this  must  undoubtedly  have  under- 
gone most  marked  alterations  before  being  presented  to  the 
nerve  cells  in  the  blood  and  lymph  as  material  suitable  for 
their  sustenance.  There  is  considerable  evidence  that  some  of 
the  material  at  least  must  have  already  played  a  part  in  the 
metabolism  of  other  organs,  and,  in  a  sense,  as  their  excreta 
have  first  been  rendered  suitable  for  use  by  the  nerve  cells. 
The  physiological  law  formulated  so  long  ago,'  accredited  to 
Treviranus,  is  probably  as  true  for  the  nervous  system  as  for 
the  other  organs  of  the  body.  A  possible  example  of  this  is 
seen  in  the  thyreoid  metabolism ;  in  the  absence  of  substances 
in  the  body  derived  from  the  thyreoid  gland,  the  nervous  sys- 
tem undergoes  very  important  and  serious  metabolic  modifica- 
tions evidenced  by  the  remarkable  nervous  and  mental  phenom- 
ena with  which  all  are  now  familiar.  On  restoring  these 
substances  to  the  body  by  the  administration  of  a  thyreoid 
extract  the  symptoms  may  sometimes  be  made  to  disappear.^ 
It  is  likely,  however,  that  the  neurones  find  their  staple  foods 
in  the  main  nutritive  constituents  of  the  blood  as  derived  from 
the  food  digested  in  the  stomach  and  intestines  and  purified  br 
the  lymph  glands  and  liver.  That  the  stainable  substance  of 
Nissl  may  represent  deutoplasm — the  contents  of  the  larders  of 
the  nerve  cell — is  not  at  all  improbable,  inasmuch  as  Held  f  and 
Macallum  have  pointed  out  that  they  yield  the  reactions  char- 
acteristic of  the  nucleo-albumins. 


*  This  assumption  does  not,  of  coarse,  exclude  the  possibility  that  the 
relation  of  the  thyreoid  to  the  nervous  system  may  consist  in  the  destraetioo 
or  neutralization  by  the  products  of  the  former  of  a  substance  or  series  oi 
substances  which  are  inimical  to  the  latter.  In  any  event  the  disturbances 
in  the  neurones  must  be  thought  of  as  metabolic  in  character. 

t  This  writer  terms  them  the  *' rolling  vtock"*  (Betriebwiaterial)  of  tht 
nerve  celli. 
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There  can  be  but  little  doubt  that  the  individual  neurones 
select  from  the  blood  or  lymph  quantities  and  varieties  of  food 
stuffs  corresponding  to  their  individual  needs,  and  it  is  still 
more  certain  that  the  constructive  metabolism  in  one  neurone 
or  set  of  neurones  varies  from  that  in  another  within  certain 
limits  which,  though  perhaps  usually  narrow,  in  some  instances 
must  be  tolerably  wide.  Failing  this,  it  would  be  impossible  to 
understand,  even  with  varying  correlations,  the  different  func- 
tional manifestations  of  which  the  individual  neurones  and 
^oups  of  neurones  in  different  parts  of  the  nervous  system  are 
capable. 

One  striking  feature  in  neurone  metabolism  is  particularly 
to  be  noted.  With  chemical  processes  ever  in  progress,  with 
syntheses  and  decomposition  reactions  going  on  all  the  time, 
the  one  set  of  reactions  predominating  perhaps  at  one  moment, 
the  second  at  another,  both  classes  of  changes  occurring  now 
with  great  rapidity  and  again  with  comparative  slowness,  but 
in  any  case  always  continuously — with  all  this  "  perpetual  flux  " 
— a  certain  constancy  of  structure  and  function  is  maintained. 
The  best  evidence,  perhaps,  of  this  physiological  constancy, 
notwithstanding  continual  change  {Dauer  im  Wechsel)^  is  to  be 
found  in  the  consideration  of  the  phenomena  of  memory.  We 
now  know  that  when  certain  cells  are  destroyed  by  disease  or 
removed  by  the  knife  of  the  surgeon,  the  capacity  for  calling 
up  certain  memory  pictures  is  lost.  Certain  psychical  elements 
or  constituents  which  had  faded  from  consciousness,  but  could 
be  reinstated  by  secondary  suggestion  before  the  cells  were 
destroyed  or  removed,  can  afterward  be  no  longer  revived. 
This  fact  would  aLmoet  justify  us  in  believing  that  the  '^  mem- 
ory traces"  are  in  some  way  or  another  laid  down  in  the 
neurones,  and  are  actually  organically  connected  with  them. 
These  neurones  with  which  the  memory  traces  are  in  some  way 
associated  are  continuously  undergoing  the  metabolic  changes, 
such  as  have  just  been  described,  and  the  wonder  is  not  that  we 
have  such  poor  memories,  but  that  they  are  as  good  as  we  find 
them  to  be.  Far  from  being  surprised  that  the  reproduction 
of  past  experiences  in  consciousness  is  occasionally  unfaithful, 
we  can  only  wonder  how  it  can  reach  the  degree  of  accuracy 
with  which  we  are  familiar. 

While  emphasizing  the  maintenance  of  a  certain  constancy 
of  function,  and  consequently  of  structure,  despite  the  unend- 
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ing  chemical  alterations  going  on,  we  must  admit  that  the 
metabolism  in  no  individual  is  perfectly  constant.  This  is 
shown  in  the  first  place,  should  illustration  of  what  is  so  ob- 
vious be  demanded,  under  normal  conditions  in  the  gradnal 
increase  and  development  of  the  faculties  of  the  nervous  system 
in  early  and  middle  life,  a*nd  in  their  gradual  decay  as  the  end 
is  approached.  Again,  taking  memory  once  more  for  an  ei- 
ample,  it  is  probable  that  no  reproduction  of  past  experience  is 
absolutely  accurate,  nor  is  the  attempt  to  recall  one  and  the 
same  experience  on  two  different  occasions  attended  by  the  ap- 
pearance in  consciousness  of  exactly  the  same  mental  picture. 
Even  when  the  focal  constituents  in  consciousness  are  almost 
or  precisely  the  same,  the  marginal  setting  of  so-called  **  sub- 
conscious "  elements  may  be  at  the  two  times  entirely  different 
There  is  always  more  or  less  variation,  the  differences  being 
often,  perhaps,  scarcely  recognizable,  but  none  the  less  existing.* 
A  whole  array  of  evidence  could  be  brought  forward  demon- 
strating functional  alterations  dependent  upon  disturbances  of 

*  This  idea  had  not  its  birth  with  modem  physiologists,  for  did  not  the 
wise  Diotima  of  Mantinea  tell  it  long  ago  to  Socrates  f  Let  roe  quote  frooi 
The  Symposium  of  Plato  (Jowett*s  translation) : 

**  For  even  in  the  same  individual  there  is  succession  and  not  absolate 
unity ;  a  man  is  called  the  same ;  but  yet  in  the  short  interval  which  elapses 
between  youth  and  age,  and  in  which  every  animal  is  said  to  have  life  and 
identity,  he  is  undergoing  a  perpetual  process  of  loss  and  reparation — hair, 
flesh,  bones,  blood,  and  the  whole  body  are  always  changing.  And  this  is 
true  not  only  of  the  body  but  also  of  the  soul,  whose  habits,  tempers,  opin- 
ions, desires,  pleasures,  pains,  fears,  never  remain  the  same  in  any  one  <^ 
us,  but  are  always  coming  and  going.  And  what  is  yet  more  surprising  is, 
that  this  is  also  true  of  knowledge ;  and  not  only  does  knowledge  in  general 
come  and  go,  so  that  in  this  respect  we  are  never  the  same,  but  particular 
knowledgfe  also  experiences  a  like  change.  For  what  is  implied  in  the  word 
*  recollection '  but  the  departure  of  knowledge,  which  is  ever  being  forgotten, 
and  is  renewed  and  preserved  by  recollection,  appearing  to  be  the  same 
although  in  reality  new,  according  to  that  law  of  succession  by  which  all 
mortal  things  are  preserved,  not  by  absolute  sameness  of  existence,  but  hj 
substitution,  the  old  worn-out  mortality  leaving  another  new  and  similar  oaf 
behind — unlike  the  immortal  in  this,  which  is  always  the  same  and  not 
another.  And  in  this  way,  Socrates,  the  mortal  body,  or  mortal  anything 
partakes  of  immortality ;  but  the  immortal  in  another  way.  Marvel  noU 
then,  at  the  love  which  all  men  have  of  their  offspring,  for  that  universal 
love  and  interest  is  for  the  sake  of  immortality."  The  germ  of  the  idea  is 
also  recognizable  in  the  speculations  of  fleraclitus,  and  possibly  in  tbo^of 
Anaximander. 
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neurone  metabolism  through  deprivation  of  nutriment,  the 
action  of  toxic  agents,  and  other  pathological  influences.  But 
even  in  these  abnormal  states  it  is  the  constancy  of  the  func- 
tion which  impresses  us  most ;  the  fact  that,  given  a  nervous 
system  made  up  of  a  certain  set  of  neurones,  the  activities  in- 
herent in  them  must  necessarily  lead-  to  the  manifestations  of 
certain  definite  functional  characteristics,  the  alterations  capa- 
ble of  occurring  under  changes  of  environment,*  internal  and 
external,  normal  and  pathological,  being  compressed  within 
certain  rather  narrow  limits,  limits  which  grow  more  and  more 
restricted  apparently  with  the  increase  of  the  age  of  the  indi- 
vidual, t 

The  astronomer,  supplied  with  certain  data  concerning  the 
speed  and  direction  of  a  given  planet  controlled  in  its  motion 
by  the  attraction  of  definite  forces,  can  predict  with  precision 
the  position  it  will  occupy  at  a  given  moment  in  the  future. 
The  botanist,  informed  of  the  species  to  which  a  given  vege- 
table organism  belongs,  can  foretell  with  tolerable  accuracy 
what  its  behavior  will  be  under  given  conditions  of  soil  and 
climate.  Were  it  permissible  to  introduce  here  an  opinion,  I 
should  not  hesitate  to  say  that  I  am  convinced  that  the  laws 
underlying  neurone  metabolism  J  are  just  as  fixed  and  constant 
as  are  those  of  astronomy  and  botany,  and  that  I  can  conceive 
of  a  knowledge  of  their  nature  and  action  which  would  enable 
one  possessed  of  it  to  prophesy  unerringly  of  the  functional  mani- 
festations of  a  nervous  system  made  up  of  a  given  set  of  neu- 
rones which  must  result  upon  exposure  to  a  given  environment. 

• 

*  In  this  connection  the  articles  of  Driesch,  Herbst,  and  Loeb  upon  the 
effect  of  environment  upon  development  may  be  read  with  profit.  External 
stimuli  can  and  undoubtedly  do  exercise  an  important  influence  upon  de- 
velopment, but  the  character  of  the  response  is  determined  by  the  inherited 
organization. 

t  If  the  conviction  expressed  in  the  text  be  well  founded,  then,  broadly 
speaking,  as  his  neurones  are,  so  the  man  is.  In  this  sense,  Goethe's  words, 
in  the  mouth  of  Mephistopheles,  can  be  made  to  bear  a  new  and  almost  pro- 
phetic significance : 

"  Du  bist  am  Ende — was  Du  bist. 

Setz  Dir  Perrlicken  auf  von  Millionen  Locken, 
Setz  Deinen  Fuss  auf  ellenhohe  Socken, 
Du  bleibst  doch  immer,  was  Du  bist." 

X  The  same  i^mark  has  already  been  made  regarding  sociology  in  Social 
Bights  and  Duties,  by  Leslie  Stephen. 
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That  the  neurologist  is  almost  infinitely  distant  from  any  ap- 
proximation to  such  astronomical  accuracy  with  regard  to  the 
nervous  system  it  is  needless  to  remark.  That  he  may  never 
attain  to  such  omniscience  is  altogether  prohable.  But  the 
fact  that  he  has  already  learned  that  in  the  nervous  system 
certain  causes  are  followed  by  certain  definite  effects  almost 
with  mathematical  accuracy  should  encourage  and  stimulate 
him  to  further  research  with  the  hope  that  the  intricate  laws 
in  question  may  gradually  be  rendered  less  obscure  and  vagne. 


CHAPTER  XX. 

ON  THE  DEGENERATION  AND  REGENERATION  OF  NEURONES. 

Changes  which  occur  in  a  part  severed  from  the  rest  of  the  neurone — Wal- 
lerian  degeneration — Tftrck's  degeneration — Effect  on  the  whole  neu- 
rone of  injury  to  one  or  more  parts  of  it — Changes  following  amputations- 
— Experiments  of  v.  Gudden,  Forel,  and  others — Application  of  method 
of  Marchi  to  the  study  of  the  central  stump  of  a  divided  nerve — Studies 
of  Nissl  on  changes  in  the  cell  bodies  of  neurones  after  section  of  their 
axones — Effects  of  injuries  to  dendrites — Studies  of  Warrington  and 
others — Effects  of  injuries  to  the  cell  bodies  of  the  neurones — Changes 
in  lumbar  cord  after  ligation  of  abdominal  aorta — Experimental  pro- 
duction of  secondary  degenerations — Value  of  the  method  of  Marchi 
and  the  method  of  Nissl  for  pathological  studies — The  neurone  as  a 
whole  a  trophic  unit — Regeneration  of  nerve  fibres  and  nerve  cells. 

As  regards  the  trophic  relations  of  the  neurones,  it  may 
Mrithont  further  preamble  be  asked  (1)  How  far  is  the  nutri- 
tion of  the  individual  portions  of  a  neurone  affected  by  an 
interruption  of  their  connection  with  the  rest  of  the  neurone  ? 
(2)  How  far,  if  at  all,  does  the  whole  neurone  suffer  as  a  result 
>f  injury  to  any  one  of  these  individual  constituents?  In 
attempting  to  reply  to  both  these  questions  it  will  be  found 
that  we  possess  data  to  draw^  upon  which  regard  not  all,  but 
certain  only  of  the  individual  portions  of  the  neurone.  We 
shall  find,  too,  that  an  answer  to  one  question  must  from  the 
nature  of  things  include  a  reply  to  the  other.  That  the  formu- 
lation of  the  two  questions  as  just  adopted  is  not  superfluous 
will  readily  be  granted,  in  that  the  contemplation  of  the  subject 
from  the  two  different  standpoints  will  help  us  materially  in 
understanding  the  reciprocal  relations  which  recent  research 
has  demonstrated  to  exist. 

As  long  ago  as  1839,  Nasse  *  and  Valentin  f  had  proved  that 

*  Xasse.     Ueber  die  Verllnderungen  der  Nervenfasern  nach  ihrer  Durch- 
schneidung.     Arch.  f.  Anat.,  Physiol,  u.  wisscnsch.  Med.,  Berl.  (1839),  S.  405. 

f  Valentin,  G.    De  functionibus  nervorum  cerebraliuin  et  nervi  sym- 
pathici,  libri  qnattuor.    4to.    Bernse,  1839. 
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interruption  of  the  connection  of  peripheral  nerves  with  the 
central  nervous  system  could  lead  to  their  degeneration.    Their 

findings  were  confirmed  by  Stan- 
nius.*  Waller  f  made  a  thor- 
ough study  of  the  subject  and 
formulated  the  fundamental  law 
of  the  physiology  and  pathology 
of  the  nervous  system  known 
by  his  name.  By  Wallerian  de- 
generation we  understand  the 
changes  which  take  place  in  the 
distal  end  of  a  peripheral  nenre 
after  it  has  been  cut  through. 
The  details  are  familiar  to  every 
medical  student,  the  coagnla- 
tive  breaking  up  of  the  myelin 
sheath,  the  dissolution  of  the 
axis  cylinder,  the  neurilemma 
with  its  nuclei  remaining  for 
some  time  at  least  preserved 
(Fig.  143).  Waller  proved  that 
if  a  motor  nerve  was  severed 
there  resulted  complete  degen- 
eration of  the  fibres  in  the  peri- 
pheral end,  even  to  the  muscles 
Fig.  i43.-Waiierian  ^^f  J°^eration^of    ^^i^h  they  govem,  the  Central 

end  remaining  apparently  in- 
tact. As  a  matter  of  fact,  the 
changes  characteristic  of  Wal- 
lerian degeneration  could  not, 
as  a  rule,  be  traced  farther  in 
the  central  end  than  to  the  first 
node  of  Ranvier.  If  a  sensory 
nerve  is  cut  through  periphend 
to  a  spinal  ganglion  there  ensues  complete  degeneration  of  the 
sensory  fibres  as  far  as  the   sensory  surfaces  in  which  they 

*  Stannius.  Untersuchungen  nber  Muskelreizbarkeit.  Arch.  f.  AnaU 
Physiol,  u.  wissensch.  Med.,  Berl.  (1847),  S.  443-462. 

f  Waller,  A.  Experiments  on  the  Section  of  the  Glossopharyngeal  and 
Hypoglossal  Nerves  of  the  Frog,  and  Observations  of  the  Alterations  p^^ 
duced  thereby  in  the  Structure  of  their  Primitive  Fibres.     London,  Edin- 


nerve  fibres  after 
mal  nerve  fibre  ;  //  and  ///,  fibres 
showing  different  degrees  of  degen- 
eration ;  'S  neurilemma ;  m,  medul- 
lary sheath  ;  A^  axone  ;  Jb,  nucleus 
of  neurilemma  cell ;  L,  marking  of 
Lant(>rmann  ;  £,  node  of  Ranvier ; 
m<,  drops  of  myelin  ;  a,  remains  of 
axone;  w,  pnjliferating  ceUs  of 
neurilemma.  Partly  schematic. 
(After  Thoma.  A  Text-Book  of 
Pathology  and  Pathological  Anat- 
omy, vol.  i,  p.  505,  Fig.  345. ) 
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begin.*  It  was  further  shown  by  similar  experiments  that  if  the 
lorsal  root  of  a  spinal  nerve  was  cut  through  at  a  point  between 
the  ganglion  and  the  spinal  cord,  the  portion  of  the  nerve  at- 
tached to  the  ganglion  did  not  undergo  the  typical  degenera- 
tion, while  the  portion  still  connected  with  the  cord  showed  the 
characteristic  degenerative  phenomena,  which  could  be  traced 
throughout  the  whole  course  of  its  constituent  fibres  in  the 
dorsal  funiculi  of  the  cord.  The  cells  of  the  spinal  ganglia  have 
therefore  been  looked  upon  as  trophic  centres  for  the  peripheral 
iensory  nerves  and  their  intramedullary  continuations.  This 
explanation  was  much  simplified  by  the  work  of  His,  who  demon- 
strated that  the  axone  of  the  peripheral  sensory  fibre,  the  spinal 
^nglion  cell,  and  the  axone  of  the  nerve  fibre  of  the  dorsal 
funiculus  all  represented  parts  of  one  and  the  same  cell. 

These  degenerations  in  the  domain  of  the  peripheral  nervous 
astern  were  early  shown  to  occur  also  within  the  confines  of 
the  central  nervous  system,  the  secondary  descending  degenera- 
tion of  the  pyramidal  tract  established  by  Tiirck  f  and  the  as- 
cending secondary  degeneration  in  the  spinal  cord  after  trans- 
verse lesion  being  quite  analogous.  We  now  know  that  the 
ftxis  cylinders  of  the  dorsal  root  fibres,  with  the  exception  of 
the  few  centrifugal  fibres  present  in  them,  are  axones  of  neu- 
rones whose  cell  bodies  are  situated  within  the  spinal  ganglia. 
We  know  that  the  axones  of  the  motor  peripheral  nerves  arise 
from  the  cell  bodies  of  neurones  situated  within  the  ventral 

t>urgh,  and  Dublin  Philosophical  Magazine,  vol.  xxxvii.  No.  247,  p.  65.  July, 
1850.  Also  in  Philosophical  Transactions  of  the  Royal  Society  of  London, 
1850,  p.  423,  and  in  the  Edinb.  M.  and  S.  J.,  vol.  Ixxvi  (1851),  pp.  36»-576.— 
5ur  la  reproduction  des  nerfs  et  sur  la  structure  et  les  fonctions  des  gan- 
glions spinaux.  Arch.  f.  Anat.,  Physiol,  u.  wissensch.  Med.,  Berl.  (1852),  S. 
192-401 ;  Compt.  rend.  hebd.  des  seances  de  T Acad,  des  sc..  Par.,  t.  xxxiv, 
p.  675. — Nouvelle  methode  pour  T^tude  du  systeme  nerveux  applicable  k 
"investigation  de  la  distribution  anatomique  des  cordons  nerveux,  et  au 
]iagnostic  des  maladies  du  systeme  nerveux,  pendant  la  vie  et  apres  la  mort. 
?ompt.  rend.  hebd.  des  seances  de  TAcad.  des  sc..  Par.,  t.  xxxiii,  1851,  p.  606. 
—Experience  sur  les  sections  des  nerfs  et  les  alterations.  Compt.  rend.  Soc. 
ie  bioL,  Par.,  2me  s.,  t.  iii  (1857),  pp.  6-8. 

*  This  appears  to  hold  even  for  the  sensory  nerves  connected  with  elab- 
>rate  end  organs,  such  as  Meissner's  corpuscles,  although  for  a  time  these 
were  thought  to  be  exempt. 

f  Tflrck,  Ludwig.    Ueber  secund&re  Erkrankung  einzelner  RQckenmarks- 
(trSnge  und  ihrer  Fortsetzungen  zum  Gehirne.    Ztschr.  d.  k.-k.  Gesellsch.  d. 
ierzte  zu  Wien.  (1852),  ii,  511 ;  1853,  ii,  289. 
16 
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horns  of  the  Bpinal  cord,  and  that  the  axis  cylinders  of  the 
fibres  of  the  pyramidal  tract  are  axones  whose  cells  of  origin 
are  situated  in  the  cerebral  cortex.  Converting,  then,  the 
Walterian  doctrine  into  terms  of  the  neurone  concept,  the  fol- 
lowing genentl  law  may  be  laid  down :  Whenever  it  has  enffered 
a  solution  of  con- 
tinuity with  a  sever- 
ing of  its  connec- 
fcls.  *^®°  with  the  cell 
^J  c  1  body  and  dendrites 
"^"^  '  of  the  neurone  to 
which  it  belongs, 
the  axone,  together 

t^  "^flBK  9^,^#l^9!^'^     F   '  r      ^^      ^*^      myelin 
^^te'^^^^By  P^''   ''"""^  ~f^ "" '  ^-    sheath  covering  it, 

undergoes  in  the 
tbodthruDKb  part  distal  to  the 
f^^""rf7t  lesion  acute  and 
T*'-  f  ^rf*'  eoniplete  degenert- 
■  ■• '  '    tion.     This   degen- 

eration includes  not 
only  the  maiDaxone, 
romthe   but  also   its  termj- 

»itc  of  l««ion.  fclk  ol  oriirin   of  the  deBeneratod  _    i        ■  ,■  -.1 

fibn«  most  bpBitaal«l  below  the  lerel  of  the  second  ^^^^    together    Witt 

thoi»cic  segment      The  pyramidal  tmrt  U  n»t  de-  tho    collaterals   and 

genemted;  Ihe  cells  which  give  onmn  to  itaaiones  ....  .       , 

are  siUiHleil  abuve  the  1t»iun.     In  the  fiicniv  the  de-  their  terminals  COD- 
wnenftted  aread  are  light,  the  normal  atvas  dark.  .1  ...        -,• 

'  "  nected     with     it' 

There  has  gradually  developed,  therefore,  a  general  belief  thst 
what  are  called  the  "  nerve  cells  "  represent  trophic  centreB  for 
the  nerve  fibres  in  general. 

The  application  of  the  Wallerian  doctrine  has  aided  im- 
mensely in  unraveling  the  complicated  relations  existing  inside 
the  central  nervous  system.  Thns,  in  a  transverse  lesion  of 
the  cord,  for  the  bands  of  fibres  which  degenerate  in  sections 
above  the  site  of  the  injury  (Fig.  144),  the  "  trophic  centres" 
i.  e.,  their  cells  (of  origin)  are  to  be  sought  below  this  level,  and. 
I'irp  versa,  the  cells  of  origin  for  tracts  which  degenerate  in 
sections  below  the  level  of  injury  (Fig.  145)  must  be  sitnated 
somewhere  above  this  level. 


Ifl.  144. — Section  stained  by  Wcip 
the  cervical  curd  of  a  womar 
degvncratiuns  following  comp 
the  level  of  the  second  thora 

S.  Rosenheim.)     ¥.  a..  fsEcici ^ 

fitBdcDlnH  cerebellospinal  in  (direct  cerebellar  t 

F.  a.  I..  filH-iculll.i  cerebrospinal  is  lalrralis  (lateral 

pynnnidal  tract) :  F.  ti,  G.,  foeci  cuius  ventrolateral  is 

Goweisi.     Siaiv  the  tibres  in  the  QvM'ici 

and  man^  of  those  in  the  fascicalus  cervbelloepinalis 


•  Stmlips  of  deiceneration  o[  the  sinnal  toni  will  i 
•o«urM7  ot  this  italemeat  regHnling  the  collaterals. 
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Since  the  time  of  Waller  and  Turck  the  bietology  of  the 
degeneration  of  nerve  fibres  after  separation  from  their  cells 
of  origin  has  been  studied  by  many — notably  by  Ranvier,* 
Homfen,  t  Howell  and  Huber,  and  Tooth4  The  last,  in  the 
intereBting  Gulstonian  Lectures  for  1869,  has  reviewed  suc- 
cinctly the  facta  up  to  that  date.  The  stndies  of  von  Xot^ 
thaft  *  are  of  especial  value,  in  that  they  have  yielded  definite 
information  concerning  the  state  of  the  nerve  fibres  at  varioos 
periods  after  the  lesion.  This  investigator  divides  the  changes 
which  occur  in  a  nerve 
after  section  into  two 
stages.  The  first  stage 
includes  those  which  oe. 
cnr  during  the  first  three 
days.  These  alterations,  (*>  I 
which  consist  in  frag-  "  ' 
mentation  of  the  myelin 
and  of  the  axone  in  the 
first  one  or  two  inter- 
nodes  on  each  side  of  the 
lesion,  are,  Xotthaft  be- 
lieves, the  direct  result 
of  the  trauma.  The  true 
Wallerian  degeneration 
(or  the  second  stage)  be- 
gins on  the  second  or 
third  day  in  the  fibre 
distal  to  the  lesion,  and  is  the  result  of  severance  of  connection 
with  the  central  end,  and  not  the  direct  result  of  the  trauma. 
The  axone  swells  and  fragments,  and  the  myelin  breaks  up  into 

*  Ranvier,  1j.    Lemons  sur  I'histologie  du  s^stfme  nerveiix,  Ptim,  18T8. 

t  Hoin^n,  E.  A.  Eiperimenteller  Beitrag  zur  Pathologie  iind  patholo- 
^schen  ADatomie  des  RUcken marks  (specEell  mit  Hinsicht  auf  die  secun- 
dSre  Degeneration).  Fortschr.  d.  Med..  Berl..  Bd.  iii  (186S),  S.  26T-3T6; 
Contribution  exp^rimentale  k  la  pathologie  et  1 1'anatomie  psthologique  de 
IB  tnoelle  ^piniira.     Helfliogfors  (1886),  pp.  113,  7  pi.,  8vo. 

X  Tooth,  Howard  B.  The  Oulstonian  Lectures  on  Secondary  Degener- 
attona  of  the  Spinal  Cord.  London,  J,  and  A.  Churchill  (1889),  pp.  1-71 ; 
aUo  in  Brit.  M.  J.,  Lond.  (1889),  i,  753 1  825 ;  673. 

•  Notthaft,  A.  T,  Neue  Unlersnehungen  Dber  den  Verlauf  der  Degener- 
ations- und  Regenerationsprocesse  am  verletzten  peripheren  Nerven.    Ztachr. 

1.  Zool.,  Bd.  It  (1883),  S.  134-188. 


laX. 


FlQ.  145.— Seition  stained  by  Wpi|;prt'i<  method 
thruut{h  the  lumbar  curd  iif  a  woman,  shuw- 
IDE  secondary  degenerationii  rollowing  com- 
preasiim  of  tlic  cnrd  at  the  level  <>(  the  Nceond 
thorat^ie  seKmi'nt.  lAfter  Fl.  Rosenheim.) 
Fasciculus  cprehrospinalis  lateralis  (F.  «.  (.) 
is  degenerated.  The  cells  of  orljtin  »(  its 
aioni.'s  are  situated  above  the  lesion  (in  the 
eerebral  cortex). 
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droplets  along  the  whole  length  of  the  nerve.  Multiplication  of 
the  nuclei  of  the  neurilemma  is  evident  at  the  fourth  day.  At 
the  sixth  or  seventh  day  liquefaction  of  the  myelin  commences, 
and  this  continues  until  the  sixtieth  or  eightieth  day,  by  which 
time  all  the  myelin  has  been  liquefied  and  a  large  part  of  it  has 
been  absorbed.  After  three  or  four  months  the  myelin  has 
entirely  disappeared. 

During  the  secondary  degeneration  of  the  white  fibres 
within  the  central  nervous  system  there  is  a  proliferation  of 
the  neuroglia.  The  multiplication  of  the  neuroglia  cells  begins 
in  the  white  matter,  according  to  Ceni,*  some  forty-five  or  fifty 
days  after  the  lesion.  The  neuroglia  cells  cease  to  multiply  at 
about  the  hundredth  day,  after  which  there  is  a  gradual  disap- 
pearance of  neuroglia  nuclei  with  gradually  progressing  scle- 
rotic change. 

Owing  to  the  shortness  of  the  dendrites  (unless  we  look 
upon  the  peripheral  sensory  fibre  as  a  dendrite),  we  possess  no 
exact  studies  concerning  their  fate  when  severed  from  the  cell 
bodies  of  the  neurones  to  which  they  belong,  but  we  have  eyery 
reason  to  believe  that  they  would  undergo  speedy  and  complete 
degeneration. 

Viewing  now  the  question  from  the  other  side,  let  us  ex- 
amine and  see  in  how  far  the  injury  to  one  portion  affects  the 
nutrition  of  the  whole  of  the  rest  of  the  neurone.  The  study 
of  portions  of  the  nervous  systems  from  individuals  who  bad 
died  a  certain  length  of  time  after  amputation  of  an  extremity 
soon  afforded  data  which  apparently  stood  in  direct  contra- 
diction to  the  doctrine  of  the  trophic  centres  as  formulated  by 
Waller.  For,  while  Waller  demonstrated  the  complete  degen- 
eration of  the  portion  of  the  nerve  fibre  disconnected  with  the 
trophic  centre,  he  maintained  the  integrity  of  that  portion  of 
the  fibre  left  in  connection  with  it.  f 

*  Ceni,  C.  Sur  les  fines  alterations  histologiques  de  la  moelle  epini^re 
dans  les  deg^n^rescences  secondaires  ascendantes  et  descendantes.  [Abstr.] 
Arch.  ital.  de  bioL,  Turin,  t  xxvi  (1896-'97),  pp.  97-111 ;  also  in  Aroh.  perle 
sc.  med.,  xx,  Torino  (1896),  pp.  131-194. 

t  This  seemed  to  accord  well  with  the  well-known  fact  that  some  of  the 
sensory  nerves  proximal  to  the  lesion  are  capable  of  functioning  for  some 
time  after  amputation,  producing  sensations  which  often  may  give  rise  to  no 
little  mental  disturbance  and  alarm  on  the  part  of  the  patient,  since  irritA- 
tion  occurring  in  the  course  of  a  sensory  nerve  fibre  is  attributed  in  con- 
sciousness to  stimulation  of  the  sensory  surface  from  which  it  has  been  in 
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As  early  as  1829  Berard*  had  noticed  that  in  the  spinal 
nerves  supplying  a  limb  amputated  some  time  before,  there  was 
at  autopsy  distinct  atrophy  of  the  ventral  roots.  Vulpian, 
Cruveilhier,  Hayem  and  Gilbert,  Dickinson,  Friedlaender  and 
Kranse,  Homen,  Vanlair,  Grigorieff,  and  many  other  investi- 
gators busied  themselves  with  the  subject,  and  came  to  conclu- 
sions which  were  often  at  variance  owing,  as  has  been  shown  by 
Marinesco,f  to  the  fact  that  the  authors  studied  and  described 
different  phases  of  the  alterations.  Marinesco  convinced  him- 
self that  after  amputation  of  a  limb,  or  after  section  of  a  pe- 
ripheral nerve,  there  occur  in  the  central  part  definite  patho- 
logical changes,  the  intensity  of  which  depends  upon  the 
species,  and  especially  upon  the  age  of  the  animal  and  upon 
the  length  of  time  intervening  between  the  injury  and  death. 
The  younger  the  individual  at  the  time  of  the  amputation  and 
the  longer  the  time  elapsing  between  the  operation  and  death, 
the  more  marked  are  the  alterations.  The  degeneration  in  the 
central  stump  of  the  divided  nerve,  although  it  appears  much 
later  than  that  in  the  distal  portion,  presents  similar  morpho- 
logical appearances  and  is  apparently  an  analogous  process, 
although — and  herein  lies  the  vulnerable  point  of  the  Wallerian 
doctrine — ^the  central  end  still  maintains  its  continuity  with 
the  "trophic  centre."  Not  only  do  the  sensory  fibres  distal 
from  the  spinal  ganglia  degenerate,  but  after  a  time  large 
numbers  of  fibres  in  the  dorsal  roots  proximal  to  the  ganglia 
and  their  corresponding  fibres  with  their  collaterals  and  ter- 

the  habit  of  coDducting  impulses.     The  superstition   referred  to  in   the 

old  play — 

**  Still  in  his  dead  hand  clinched  remain  the  strings 
That  thrill  his  father's  heart— e'en  as  the  limb 
Lopped  off  and  laid  in  grave,  retains,  they  tell  us, 
Strange  commerce  with  the  mutilated  stump 
Whose  nerves  are  twinging  still  in  maimed  existence  " — 

is  not  yet  obsolete,  as  any  one  familiar  with  many  of  the  rural  districts  of 
this  country  can  testify.  S.  Weir  Mitchell  has  given  an  interesting  account  of 
some  of  the  sensations  described  as  coming  from  the  lost  limbs  in  his  mono- 
graph. Injuries  of  Nerves,  and  their  Consequences,  8vo,  Philadelphia,  1872. 

*  Berard.  Bull.  Soc.  anat.  de  Par.,  quatri&me  ann^.  Bulletin  No.  3,  mai, 
1829,  deuxi^me  ^ition  (1846),  p.  54. 

t  Marinesco,  G.  Ueber  Verftnderungen  der  Nerven  und  des  Riickenmarks 
nach  Amputationen ;  ein  Beitrag  zur  Nerventrophik.  Neurol.  Centralbl., 
Leipz.,  Bd.  xi  (1892),  S.  468 ;  505 ;  564. 
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minals  m  the  dorsal  funiculi  of  the  cord  undergo  pathological 
cbatigeB  and  totally  disappear  The  motor  fibres  of  the  centra) 
stump  gradually  diminiBh  in  number  in  some  instances  the; 
appear  to  vanish  almost  totally  and  a  large  number  of  the 
motor  cells  of  the  ventral  horns  dwindle  m  size  (Fig   146),  and 


Fi(j.  146. — SiHtioii  through  buman  iqilnal  LonI  in  the  upper  thumric  n?t;'*>'i  >'»"'' 
ing  marked  atrophy  of  right  hitlf  of  cord  following  amputatitiu  of  right  ico. 
(After  G.Marincsco.  Neuro].  Ceiittalbl..LeJpz.,  Bd.  xi  (1893).  8.  506.  FifA.' 
The  ventral  horn  is  pRp«>ially  atrophied,  as  is  alwi  the  fasc'ieulus  cunestos  i» 
all  its  parte.  The  rmtciculUH  gracilis  I  ci  is  intart.  Theatrvphyof  the  nib 
in  groups  a  and  b  ig  yeiy  evident. 

may  after  a  time  be  actually  lost.  The  spinal  ganglion  cells  do 
not  show  gross  alterations  for  some  time  after  both  peripheral 
or  distal  fibres  have  degenerated  (Friedlander  and  Kranse, 
Hom^n,  Vanlair,  Marinesco),  a  finding  which  denotes  that  their 
trophic  mechanisms  differ  in  some  way  from  those  which  ut 
concerned  in  the  nutrition  of  the  cells  of  the  ventral  horns.  1 
have  thought  that  this  may  depend  upon  the  possession  by  the 
spinal  ganglion  cells  of  a  cellular  capsule.*     It  would  be  inter- 

*  Another  point  to  be  remembered  in  explaining  the  difference  in  albct 
o{  dlTision  upon  the  peripheral  motor  snd  aeneorj  nerves  is  the  fact  that,  i' 
current  ideu  o(  conduction  are  correct,  on  section  of  a  motor  fibre,  it  is  ft- 
haps  the  discharge  of  impulses  which  is  prevented,  while  in  the  case  of  th« 
seneor^  fibre  it  is  at  first  the  reception  of  impulses  which  is  interfered  «itk 
It  must  not  be  forgotten,  however,  that  even  when  a  periphermi  sensv? 
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eating  to  note  if  the  sympathetic  ganglion  cells,  which  are  also 
encapsulated,  act  similarly  and  preserve  their  gross  integrity 
after  section  of  the  nerve  fibres  belonging  to  them.  I  refer,  of 
course,  to  gross  integrity  alone,  inasmuch  as  there  is  much 
evidence,  some  of  very  recent  date,  from  which  we  are  com- 
pelled to  believe  that  the  finer  structure  of  the  nerve  cell  is 
always  altered  by  the  cutting  through  of  its  axone.  Accord- 
ing to  the  researches  of  Biedl  {vide  infra)^  cutting  of  a 
splanchnic  nerve  causes  both  cellulipetal  and  cellulifugal 
degeneration. 

A  series  of  investigations  associated  with  the  names  of  von 
Gudden,*  Forel,  Mayser,  Mendel,  Bregman,  Darkschewitsch, 
Nissl,  and  Flatau  must  now  be  considered.  The  first  four  in- 
Testigators  experimented  by  tearing  spinal  or  cerebral  nerves 
away  from  their  connections  with  the  central  nervous  system, 
especially  in  newborn  or  very  young  animals.  These  animals 
were  allowed  to  live  for  several  months,  after  which  they  were 
killed  and  the  central  portion  of  the  nerve  involved,  together 
with  the  group  of  nerve  cells  corresponding  to  it,  was  studied 
microscopically.  The  histological  examination  revealed  marked 
changes  in  the  nucleus  of  origin.  The  cells  present  showed 
distinct  atrophic  alterations  and  many  of  them  had  entirely 
vanished,  so  that  enumerations  of  the  cells  of  the  groups  con- 
cerned revealed  a  decided  discrepancy  in  the  counts  on  the  two 
sides.  The  nerve  fibres  in  the  central  portion  of  the  nerve  had 
vsuffered  degenerative  changes,  many  of  them  having  totally  dis- 
appeared. 

Bregman,  in  Vienna,!  and  Darkschewitsch,t  in  Koshew- 
nikow's  laboratory  at  Moscow,  undertook  the  study  of  the 
<;entral  stump  of  motor  nerves  soon  after  the  establishment  of 

Derve  has  been  cut  through,  the  corresponding  cells  in  the  spinal  ganglia 
may  yet  perhaps  receire  some  centripetal  impulses  from  the  yiscera  through 
the  rami  communicantes. 

*  Gudden,  B.  Yon.  Gkisammelte  und  hinterlassene  Abhandlungen.  Her- 
ausgegeben  von  H.  Grashey,  Wiesbaden,  1889. 

f  Bregman,  E.  Ueber  experimentelle  aufsteigende  Degeneration  motor- 
ischer  und  sensibler  Himnerven.  Arb.  a.  d.  Inst.  f.  Anat.  und  Physiol,  des 
Oentralnerrensyst.  a.  d.  Wien  Univ.,  1892,  S.  73.  Also  in  Jahrb.  f.  Psychiat., 
Uipz.,  u.  Wien,  Bd.  xi  (1892-'93),  S.  78-97. 

%  Darkschewitsch,  L.  Ueber  die  Yerftnderungen  in  dem  centralen 
Abschnitt  eines  motorischen  Nerven  bei  Verletzung  des  peripheren  Ab- 
jchnittes.    Neurol.  Centralbl.,  Leipz.,  Bd.  xi  (1892),  S.  65&-e68. 
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the  lesion,  and  were  able  to  show  by  the  delicate  method  of 
Marehi  that  extensive  undoubted  degenerative  processes  oc- 
curred in  the  fibres.*    In  one  case,  in  which  the  facial  nerve 
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Flu.  147. — ^TrHiisverse  section  through  the  xnedDUa  oblongata  of  a  rabbit  Tlie 
facial  nerve  of  the  right  side  ¥ras  torn  oat  of  the  Fallopian  canal  and  the 
animal  killed  fifty-eight  days  later.  Thirty  days  before  death  both  nerd 
trigemini  were  eat  through  incompletely  intracranially  accordini^  to  Magen- 
die's  method.  On  the  right  side  the  corneal  reflex  was  retained  ;  on  the  left 
side  it  was  alwient  and  snppuratiye  keratitis  set  in.  The  cerebral  pedanclr 
was  also  wounded  on  this  side. 

Treatment  by  Marchi's  method.  The  nucleus  and  fibres  of  the  right  fiu'ial  root 
iikmplett'ly  degenerated ;  left  &eial  nerve  normal.  From  the  mphe  fibres 
go  to  both  sides  along  the  dorsal  border  of  the  fiisciculus  longitudinalis 
medialis  and  become  lo^  beneath  the  bundle  of  fiicial  fibres.  These  fibres 
— i'roHsed  &eial  root  of  the  author»— remain  normal.  On  the  right  side  the 
dorsal  part  of  the  creseent-«haped  cross  section  of  the  tractus  spinalis  oerri 
trigemini  is  degenerated ;  on  the  left  side  only  the  ventral  part  of  the  same. 
The  left  pyramid  shows  degenerated  fibres.  A  few  black  masses  are  visible 
in  the  raphe,  in  the  &sciculus  longitudinalis  medialis  of  both  sides,  in  the 
left  uervus  acusticus^  and  in  the  fibne  arcuate  exterme.  (After  E.  Bregnan. 
ArK  a.  d.  lust  f.  Auat  u.  Physiol,  des  Centralnervensyst  a.  d.  Wien  tJni?. 
aw«^  T^f.  vi.  Fig.  1.) 

had  been  operated  upon,  Bregman  demonstrated  complete 
degeneration  of  the  fibres  of  the  central  stomp  at  the 
twentieth  day  (Figs.  147  and  148).f    Startling  as  were  these  re- 


*  1  am  not  sure  but  that  these  results  come  within  the  province  of  tnn* 
matic  d(>generatiou«  in  which  event  they  would  not  contradict  the  Wallerian 
doc^trine,  Certcauly,  inside  the  spinal  conU  preesore  caoses  no  snch  rapid 
di>geueration  in  the  proximal  ends  of  injured  fibres  extending^  to  their  cells 
of  origin. 

t  That  there  \a  qo  lack  of  interest  at  present  upon  this  topic  is  shown  bj 
the  fact  that,  at  the  meeting  of  the  British  Medical  Association  held  in  189^ 
Flew  lug  repi>Fted  the  results  of  his  researches  made  in  Munk's  laboratory  io 
Herhu.  Cf.  Fteming,  K.  A.  Asc*ending  Degeneration  in  Peripberml  Nerves 
aud  the  Heaultiug  Changes  in  Nerve  Cells.    Lancet,  London  (1806),  voL ii. 
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salts  in  face  of  the  fact  that  the  trophic  doctrine  of  Waller 
had  held  away  for  forty  years,  they  wore  eclipsed  by  others, 
which  must  now  be  considered.  Nisal,  with  his  methylene- 
blue^nd-Boap  staining  of  alcohol  tissues,  found  that  he  could 
actually  demonstrate  definite  alterations  within  the  nerve  cells 
very  soon  after  the  solution  of  continuity  of  their  axonea.  In 
rabbits,  for  example,  after  excision  of  a  portion  of  the  facial  nerve 
on  one  side,  characteristic  alterations  can  be  demonstrated,  con- 


Flii.  148. — CrosK  Bection  throviKh  the  medullft  obl(m((al»  uf  a  mhbit  corrrapondinK 
to  the  diatal  part  of  the  u>rpuH  trapnztiidcum.  The  luciikl  nervu  on  the  left 
Hide  waB  torn  oat  of  the  Fallopian  I'Hiial  fifty-four  days  before  the  death  of 
tbe  snimal.  The  nervus  CriKcminus  tin  the  right  aide  was  completely  sev- 
ered  intracranially  thirty-two  days  before  Ifie  death  of  the  animal.  Treats 
ment  by  Harebi's  method.  (After  BreKman. )  On  the  left  side  of  the  fl^re 
the  root  flbres  of  the  faeial  nerve  are  completely  degenerated.  The  right 
facial  root  contains  a  few  black  RninuleB,  but  not  more  than  one  UHUally  flndn 
in  the  roft  hnndlea  of  tbe  eranial  nerves  at  their  eiit  The  nervvis  abdacens 
in  normal  on  both  siitis.  Tbe  su-ealled  eroascd  facial  root  is  normal  on  both 
Hides.  The  tractnn  spinalis  nervi  trigemini  is  completely  degenerated  on  the 
right  side.  In  tbe  neighboring  BUlistantia  gelatinum  numerous  bundles  of 
degenerated  Shres  arranged  in  groups  are  yiaihle.  The  dorsal  portion  iif  the 
troctns  spinalis  nervi  trigemini  runs  out  medially  as  a  narrow  Rtripe.  In  the 
eorpuB  trapeiuideum  a  few  fibres  are  degenerated  on  both  sides  of  the  middle 
line.  There  are  a  few  black  granules  in  both  acoustic  nerves  in  both  corpora 
restjformia.  in  the  foscieulus  longitudinal  is  medialis  of  both  «de«.  and  in  the 
fihuE  arcnatie  eilernie. 

sieting  in  the  main  of  a  rarefaction  and  finely  grannlar  change 
in  the  Nissl  bodies  of  the  cells  of  the  seventh  nucleus.*    He  as- 

No.  7,  p.  608. — Soma  Notes  on  Ascending  Degeneration  (so-called)  and  on 
tbe  Cbaiiei«  in  Nerve  Cells  Consequent  Thereon,     Brit  M.  J.,  Lond.  (1806), 
ii.   pp.   918-031. — Ascending   Degeneration   in   Mixed   Nerves;    a  Critical 
Sketch  with  Experimental  Besults,  Edinb.,  M.  J.  (1807),  n.  s.,  i,  pp.  4B-60. 
•  "  Darin,  dass  dieselben  unter  einer  (einkOrnigen   Umwandlung  rare- 
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serts  that  while  the  changes  are  most  marked  if  the  animalu 
are  killed  after  from  eight  to  fifteen  days,  to  one  acquainted 
with  them  alterations  are  recognizable  within  the  cells  of  thk 
nucleus  as  early  as  twenty-four  hours  after  the  operation.    The 
findings,  as  might  be  expected,  yary  for  the  different  forms  of 
nenre  cells  and  somewhat  in  the  same  form  of  cells  in  animals 
of  difiTerent  species.     Etcu  if  the  peripheral  nerre  is  not  cat 
through  but  is  rendered  temporarOy  incapable  of  functioning, 
the  regressive  alterations  can  be  made  to  appear,  as  Xisal  asserts 
he  has  shown,  by  the  application  of  chemical  substances  (for  ex- 
ample, common  salt)  to  the  trunk  of  the  facial  nerre,  or  by  ap- 
plying a  temporary  ligature  to  it.    After  these  haTe  reached  a 
maximum  (eighteen  to  twenty4wo  to  thirty  days)  the  appear- 
ances for  a  time  do  not  alter  materially,  but  Nissl  thinks  that 
later  the  majority  of  the  cells,  perhaps  through  the  formation 
of  other  unions,  begin  slowly  to  recover,  so  that  by  the  fiftieth 
or  sixtieth  day  it  may  be  difficult  for  the  inexperienced  to  dis- 
tinguish   them    from    entirely  healthy  cells.      Characteristic 
changes  in  the  neuroglia  accompany  those  found  in  the  nerve 
cells.    Of  the  importance  of  this  method,  which  has  been  desig- 
nated by  Xissl  as  Die  Methode  der  primdre-n  Rehungj^  I  hare 
already  spoken  in  another  place,  f     The  method  is  a  veiyddi- 
cate  one — in  fact,  the  most  sensitive  as  vet  introduced.    Niad 
cautious  against  drawing  conclusions  from  its  application  be- 
fore one  has  bec<Hne  skilled  in  the  necessary  technique.    In 
order  to  obtain  results  of  any  value  the  operations  must  be  done 
aseptically,  and  a  long  and  intimate  acquaintance  with  the  ap- 
pearances presented  by  the  different  varieties  of  cells  occnrriiig 
normally  in  the  regions  under  examination  is  absolutely  es- 
sential.    The  procedure  has  already  been  applied  to  determine 
a  number  of  complicated  relations  existing  within  the  nerre 
centres  and  is  full  of  promise  as  regards  the  solution  of  many 
intricate  questions,  among  which   Nisd  refers   with   especial 
hopef\Uness  to  those  involved  in  the  study  of  the  eye^^nuacle 
nuclei. 


'^  Niaal,  K.  Voider  eioe  ueue  UntursuuhuD^rsmethode  dfs  Centrmlorsiiu 
apiHJieU  lur  Festst^Uung  der  LocaUstttion  der  NerrenzeUen.  Torti^ 
gehaltea  lH)i  d«r  Versftmmluug  der  ^dwvst.  XeiuDlogen  and  Imsointe  in 
Bikdeu-Baaon,  3.  Juui  18U4.  CentmlbL  fOr  Nerrenh.  und  P^chiat.,  CobteBi 
u,  Uipa.»  Juli  (184>4),  Bd.  xvii,  S.  337. 

t  Johiw  Hopkia*  Uo(>piud  BuUetm.  ▼!  {\mS),  p.  168. 
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Flataii,*  in  Waldeyer'a  I&boratorj,  examined  the  brains  of 
four  young  cats,  in  which  the  third  nerve  had  been  cut  intra- 
cranially  by  Gad,  thirteen,  eleven,  three,  and  two  days  reepec- 
tively  after  section.  Uia  description  of  the  findings  accords 
entirely  with  those  of  Nisei's  investigations  (Fig.  149).     Held 


Fill.  149. — Cells  from  thp  nuclei  of  the  oculomotorius  nerves  of  the  eat  thirteea 
days  afttr  section  of  the  root  flbres  nf  the  oorse  on  one  sidf.  ( After  E. 
FhiUn.  Fortwhr.  6.  Hcd.,  Berl.,  Bd.  ijv,  1896.  Tuf.  i.  Fjbh.  S  hiuI  «.)  a.  («ll 
from  nucleOH  of  side  not  openitpd  upon,  showing  typical  Btichochrome  »r- 
rHngement  nt  XissI  bodies ;  b,  eell  iTum  nueleua  uf  Hide  opemted  upon.  The 
homof^neoitH  diiHtlike  appearance  ia  represented.  Here  and  there  ungle 
larfcer  irregular  NimI  bodies  &re  visible.  The  nueicus  is  displae^  tu  the  side 
of  tlie  eell. 

states  that  he  has  employed  the  method  and  found  it  to  be 
usefal,  especially  where  the  central  relations  are  very  complex. 
Ssdovsky's  researches  f  are  also  confirmatory  of  Nisal's  stndies. 
By  both  Xissl's  method  and  Marchi's  method  Biedl  I  has  dem- 
onstrated that  cellnlipetat  as  well  as  cellnlifngal  degeneration 
occurs  after  section  of  the  splanchnic  nerve.     Bembeimer* 


*  Flatau.  E.  BinEgeBetrachtuDgenDberdieNeuronenlehre  im  Anschluss 
•n  frOhKeitige,  experimentell  erzeugt«  VerSndeningen  der  Zellen  des  Oculo- 
motoriuskerns.     Fortschr.  d.  Med.,  Barl..  Bd,  liv  (1896),  No.  6,  a  201-225. 

f  SwloTshf,  S.  N^Ttite  eipirimentale  par  coniprBSsion  et  l&ions  con- 
■IcutiTet  des  centres  nerveux.  Compt.  rend.  Soc.  de  bid..  Par.  (1806).  10.  s., 
t.  iii,  pp.  S5S-86a 

t  Biedl,  A.  Ueber  die  Centra  der  Splanchnici.  Wien.  ktin.  Wchoschr., 
Bd.  Tiii  (1899),  S.  SI^-SIQ. 

*  Bemheimer,  S.  Zur  Kenntniaa  der  LiHnlisslion  Jm  Kemgebiete  des 
Oculomoturius.    Vorl.  Mitth.    Wien.  k)in.  Wchnschr.,  ii<18B6),No.5.    Also, 
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thinks  ho  has  bt^n  able  by  this  method  to  decide  as  to  the  por- 
ti^M\s  wt  the  nucleus  of  the  oculomotorius  respectively  concerned 


'»v.    \V.       <*•"'«*»     l(k«  "*.     *.tt>v   r*«u»    lift!    tu.». 'r'te-  Be 


:%    iK-   Jtavf^ii»>K'iA  ji  'i^xr  .v^!rtu:sc   utu   nrrrn^u  3inscij»  *f  tl» 
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proximal  portions  of  the  nucleus.  J.  Erl&nger  is  at  present  en- 
gaged with  me  in  the  study  of  the  spinal  cords  of  animals 
from  which  pieces  of  nerves  supplying  muBcles,  and  in  some  in- 
stances the  muscles  themselves,  have  been  excised ;  the  results 
of  these  investigations  will  be  published  later.  In  Fig.  150  are 
shown  some  cells  from  the  nucleus  nervi  facialis  fifteen  days 
after  section  of  the  facial  nerve.  They  may  be  compared  with 
a  of  Fig.  149,  which  represents  a  normal  motor  cell. 

As  to  the  effects  npon  the  cell  body  induced  by  injury  to  a 
portion  of  the  terminals  of  the  collaterals  of  a  given  aione,  we 
have  as  yet  no  evidence. 


Fici.  151.— Voutral  horn  cclU  from  the  spiiuvl  pord  of  a  caae  of  multiiilf  iiouritia. 
I  After  Ballet  and  Dutil.l  a,b,  celbiiitaiiied  with  picrocarmiu  ;  c.eell  ntained 
with  bmaatuiylin ;  d,  cell  ntnincd  by  Nisal's  method.  The  alterationH  in 
the  chromatic  subetance  and  the  dialoattion  uf  the  iiucIoub  are  well  nhowD. 

Experiments  such  as  the  foregoing  place  certain  diseases — 
for  example,  the  so-called  peripheral  neuritis — before  ua  in  an 
entirely  new  light,  for  it  is  obvious  that  even  if  the  morbid  pro- 
cess be  confined  at  first  exclusively  to  distal  portions  of  .the 
axonee  (the  lesion,  when  of  the  nature  of  a  focal  necrosis,  is 
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nsually  dependent  upon  poisons  circulating  in  the  blood),  it 
does  not  remain  localized  in  them,  and,  as  we  have  seen,  injury 
to  an  azone  leads  to  alterations  in  the  whole  of  the  nenrone  to 
which  it  belongs.  Ballet  and  Dutil  *  have  already  described 
snch  changes  in  the  cells  of  the  Tcntral  horns  in  cases  of  polj- 
nenritis  (Fig.  151).  Many  additional  examples  of  the  bearing 
of  these  experiments  npon  pathology  might  be  given.  From 
what  has  been  said  it  is  obrions  that  we  must  be  very  chary  of 

denying  the  existence  of  altera- 
tions in  the  cell  bodies  of  the 
neurones  in  a  given  disease,  un- 
less these  have  remained  nudis- 
covered  with  the  most  delicate 
methods  now  at  our  command. 
There  can  be  bat  little  doubt 
that  in  many  cases  in  which  the 
nerve  cells  have  be^n  described 
in  the  bibliography  as  being  per- 
fectly normal,  very  distinct  path- 
ological   changes    could    haie 
been  demonstrated  in  them  had 
XissFs   method    been  used  for 
their  detection.     On  the  othw 
hand,  it  must  be  borne  in  mind 
that  in  the  very  delicacy  of  these 
methods  there    lies    the  great 
danger  that  with  them  the  in- 
Win.  i32.-NerTe  cell  from  wrebrsa  experienced  may  easily  be  led  to 

curU^x  of  dug.    It  »huws  altvnttioos    j-v  xi-i       -      t     ^     t- 

chietiy  in  the  dendrites  turned  to-    uescnbe     pathological     findings 
ward  a  thromboeed  vessel.    (After    wU^^^   ;„  -«oi;<-tr    ««^n.A  ^■^;«4.      T 

Mouti.    Areh.  itai.de  bioUtxxiv.^   where,  m  reality,  none  exist.    I 

must  confess  that  I  am  rerj 
skeptical  of  accepting  as  facts  the  statements  in  any  publica- 
tion of  work  based  on  NissFs  methods  where  I  am  not  sure 
that  the  results  have  been  controlled  by  an  investigator  of 
experience. 

Unfortunately,  tissues  fixed  for  staining  by  Nissl^s  method 
in  alcohol  or  corrosive-sublimate  solutions  are  not  suitable 
for  staining  by  the  method  of  Weigert  or  by  that  of  Marchi 


♦  Ballet,  CJ.»  et  A,  DutiL    Stir  un  cas  de  poIyneiirit«  avec  lestoDS  medul- 
laires.     BuU.  et  mew.  Soc.  nietl.  d.  hOp.  de  Par.,  3  s.,  t.  xii  (18»5>,  pp.  818-881. 
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Marina  *  has  tried  to  obviate  this  difficulty.  His  fixing  mix- 
ture (formol  and  chromic  acid)  permits  of  staining  of  the 
tissues  by  the  methods  of 
Weigert,  Nissl,  and  Van 
Gieson.  The  Nissl  prepara- 
tions are  not,  however,  so 
beautiful  as  those  prepared 
in  the  orthodox  way. 

As  regards  the  effects 
on  the  whole  neurone  result- 
ing from  injury  to  its  den- 
drites we  have  much  less 
definite  information.  Leav- 
ing out  of  consideration  in- 
juries to  peripheral  sensory 
nerve  fibres,  which,  as  we 
have  seen,  correspond  in 
their  embryological  origin 
to  dendrites,  and  which,  as 

I  shall  point  out  a  little  Fio.  153.— lATger  pyramidal  cells  from  the 
,    ,         .V  i_  •         •        .  second  layer  of  the  cerebral  cortex  show- 

later,  though  conforming  m         ing  advanced  stages  of  degeneration  fol- 

tViPir  Tibv<iinlAcrir»ftl  hphnvinr  lowing  ricin  poisoning  of  fourteen  hours' 

tneir  pnysiOlOglCai  Oenavior,         duration.    The  cells  have  lost  the  angu- 

at  least  so  far  as  the  con-  hirity  of  their  contours.  (After  H.  J. 
J       ^.  •  .  ,         .  Berkley.      Johns  Hopkins  Hosp.  Rep.> 

duction  of  nerve  impulses  is       vol.  vi.  pi.  xii.) 
concerned,  rather  to  what  is 

generally  true  of  dendrites  than  of  axones,  are  nevertheless  his- 
tologically indisputably  axones,  we  have  as  data  in  this  connec- 
tion only  the  observations  of  Monti  f  and  Berkley. J  These  ob- 
servers, employing  the  silver  method  of  Golgi,  the  former  in 
cases  of  inanition  and  experimental  cerebral  embolism  (Fig.  152), 
the  latter  in  several  varieties  of  intoxication  (Fig.  153)  and  in 


*  Marina,  A.  Eine  Fixationsmethode,  bei  welcher  sowohl  die  Nissrsche 
NerveDzelle  als  die  Weigert'sche  MarkscheidefSrbung  gelingt.  Neurolog. 
Centralbl.,  Leipz.,  Bd.  xvi  (1897),  S.  166. 

f  An  epitome  of  the  work  of  Italian  investigators  with  Golgi's  method 
with  regard  to  pathological  alterations  in  nerve  cells  is  to  be  found  in  the 
comprehensive  review  of  C.  Sacerdotti,  in  Lubarsch-Ostertag*s  Ergebnisse 
der  allgero.  Pathologie  u.  path.  Anat.  des  Menschen  u.  der  Thiere.  Zweiter 
Jahrgang,  1895.    Wiesbaden  (1897),  S.  799-806. 

X  Berkley,  H.  J.  Studies  on  the  Lesions  produced  by  the  Action  of  Cer- 
tain Poisons  on  the  Cortical  Xerve  Cell.  Johns  Hopkins  Hosp.  Rep.,  Balt.» 
vol.  vi  (1897),  fasc.  i,  pp.  1-88. 
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tcrniiiml  dementia  (Fig.  154),  have  found  that  under  certain oir 
cuniatances  the  eiirlicst  lesions  which  appeared  were  those  affect- 
ing tlio  dendrites.  These  showed  varicosities  and  distortion 
phenomena  with  loss  of  the  gemmules  and  finer  side  branches; 


t^U.  IMi     iStruuH  spk-Kl  UrwInCvK  .if  pTnuiliiliil  ■frlls  fnim  tbr  Iminsn  nrrhnl 
'    '       '"  "       '     '  "rinn  ^  pynuniilal  crll  in  ■  c«*r  iC 

'iiakppvaml    tad   (br  imfolu 

viily  subiie<iu«;tit!if  did  the  wll  body  and  &xone  show  alteratione. 
All  effort  ha*  Nwn  made  to  atcribuce  the  chiiages  in  snch  case 
iu  iho  iwoue  and  cell  body  to  the  disturbances  in  metaboU^ 
rtwuliiu^  from  the  lotw  of  the  dendrites.  It  would  seem  torn* 
^■ossible  that  the  akemiious  iu  e.tCeniikl  form  in  a  cell  body  wd 
iiwuf  discovered  by  the  method  of  i.lolin  may  be  due  to  the 
luuuo  ^'ausvtt  ad  the  preceding  '.honas's  in  the  form  ot  the  den- 
di'ili's  i»ud  not  Aim[>lv  be  tlieir  metabolic  seijueL 

'Ihe  iv.-4eikrvhfs  of  W;irriu;iton  {'-i./t.  i,i/nt)  and  others  h»n 
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shown  that  if  the  impulses  coming  to  a  cell  by  way  of  the 
dendrites  and  cell  body  be  cut  off,  changes  in  the  whole 
neurone  result.  It  would  not  be  difficult  to  believe  then  that 
if  the  dendrites  undergo  serious  injury  of  any  sort  marked 
alterations  of  the  neurone  must  result,  if  for  no  other  reason 
than  the  cutting  off  of  centripetal  impulses.  Held's  studies  of 
the  concrescence-relations  between  the  terminals  of  axones  and 
collaterals  of  one  neurone  and  the  dendrites  and  cell  bodies  of 
another  are,  it  seems  to  me,  well  worthy  of  note  by  the  pathol- 
ogist. When  one  remembers  that  these  delicate  intemeuronal 
communications  are  directly  exposed  to  the  lymph  which  bathes 
them,  the  possible  deleterious  effects  of  soluble  poisonings  cir- 
culating in  the  blood  and  lymph  are  not  difficult  to  imagine. 

That  the  cell  body  is  of  very  great  importance  in  the  nutri- 
tion of  the  neurone  is  evidenced  by  (1)  the  existence  in  it  of 
the  nucleus  with  its  surrounding  endoplasm,  and  (2)  its  very 
intimate  relations  to  the  capillary  plexuses  within  the  gray 
matter  (Fig.  155).* 

Besides,  the  effect  of  severe  injury  to  the  ganglion  cell  upon 
the  rest  of  the  neurone  is  now  very  generally  appreciated.  It 
has  long  been  known  that  destruction  of  a  ganglion  cell  leads 
inevitably  to  the  decay  and  disappearance  of  the  nerve  fibre 
connected  with  it.  A  few  interesting  experiments  may  perhaps 
be  recalled.  Ehrlich  and  Brieger  showed  in  1884  that  if  a 
ligature  be  applied  for  thirty  minutes  or  an  hour  close  beneath 
the  point  of  origin  of  the  renal  arteries  of  the  rabbit,  there 
results  a  permanent  sensory  and  motor  paralysis  of  the  posterior 
extremities  and  of  the  bladder  and  rectum,  owing  to  acute 
necrosis  of  the  cells  of  the  gray  matter  of  the  lumbar  spinal 
cord.  These  experiments,  repeated  later  by  Herter,  Spronck, 
Munzer  and  Wiener,  and  others,  are  invariably  followed  by 
complete  degeneration  of  the  whole  of  the  neurones  of  which 
the  necrotic  cell  bodies  form  a  part,  and  the  course  of  the 
degenerating  fibres  can  after  a  few  days  be  profitably  studied 
by  the  method  of  Marchi.  The  removal  of  the  nerve  cell 
(either  through  chemioal  injury,  cutting  off  of  nutrition,  or 
ablation)  is,  for  the  part  remaining,  equivalent  to  severing  the 
axone,  and  the  typical  secondary  degeneration  always  occurs. 

*  Sbimamura,    S.      Ueber    die  BlutTersorgung  der  Pons-  und  Hirn- 
«cbenkelgegend,  insbesondere  des  Oculomotoriuskerns.    Neurol.  Centralbl., 
Ldpz.  (1894),  Bd.  xiii,  S.  685 ;  769. 
17 
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This  brings  us  to  the  utilizatioo  of  experimentally  prodneed 
aet'onilHry  degenerations,  by  meanB  of  which  important  contri- 
butiona  have  been  and  are  being  made  to  the  anatomy  of  the 
central  nervous  system.  Xo  matter  what  nerve  cell  or  group  of 
nerve  cells  is  destroyed,  whether  in  the  spinal  cord,  in  the 
medulla,  in  the  thalamus,  or  in  the  cerebral  cortex,  whether 
belonging  to  the  projection  systems  or  to  the  association  sy^ 


terns,  the  I'orrespoudin^  axune  or  axoaieA.  with  their  enveloping 
mvi'liu  sheath^  JejceuentCe  i.'ompIetelT  to  their  teniunal&  The 
Method  of  Man.'hi  permits  us  to  m^ike  out  the  changes  long  be- 
ft>re  ihev  assumt;  the  decree  uei-essary  for  their  recognition  bj 
Wwfueit's  method.  luiieed.  U()wad;iys  practieallv  every  nenre- 
togioal  iuveeitixator  employs  thisf  procedure,  so  v&Iuable  is  the 
kuti>riuatiou  atfordi-d  by  it. 

Thi!*  method,  when  employed  in  Lonnection  with  that  of 
Xisid,  lit  of  extreme  value,  uot  oiUy  for  amitomy.  but  also  for 
(Mthoti>gv,  for  it  must  uuw  be  levident  th^it  once  we  have 
doutou pirated  dcfjeiii- ration  in  a  ^iven  *et  of  nerve  fibres  we  aa 
lu\>l'he»V  aluiojit  with  wrt^iimy  ilie  existence  of  let^ions  of  son" 
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sort   in  their  cells  of    origin — lesions  which,  however,  may 
obviously,  from  what  has  been  said  above,  be,  in  a  given  case, 
either  primary  or  secondary.     The  statement  of  this  fact  would 
seem  to  be  all  the  more  important  in  that  it  has  been  suggested 
by    some    investigators    that    apparently    trivial    injuries    to 
neurones,  so  slight  in  the  cell  body  as  to  exclude  detection  by 
all  the  cruder  methods,  may  nevertheless  in  all  probability 
suffice  to  give  rise  to  easily  demonstrable  degenerative  lesions 
in  other  parts  of  the  neurones.     Perhaps  the  most  significant 
instance  which  can  be  cited  is  that  met  with  in  some  forms  of 
lateral  sclerosis  in  human  beings  in  which  the  pyramidal  motor 
cells  of  the  cortex  show  no  marked  lesions,  though  the  most  dis- 
tal portions  of  the  nerve  fibres  arising  from  them  have  gradually 
degenerated.     While  it  is  not  impossible  that  here,  as  seems 
probable  in  some  forms  of  disease  of  the  peripheral  nerves 
(alcoholic  neuritis,  lead-poisoning,  etc.),  the  degeneration  of  the 
distal  portion  of  the  axones  may  be  due  to  the  direct  action 
upon    them   of  some  toxine,   the   view  is  gradually   gaining 
ground  that  in  these  cases  we  have  to  deal  with  some  deleteri- 
ous influence  acting  upon  the  cell  body,  or  perhaps  upon  the 
whole  neurone,  which  expresses  itself  in  a  manner  accessible  to 
recognition  by  our  methods  first  in  those  portions  of  the  neu- 
rones in  which  the  nutritive  influences  are  least  active,  pre- 
sumably those  most  distal  from   the  cell  body  and  nucleus 
(Strumpell).     Wollenberg's  idea  regarding  the  primary  seat  of 
the  disease  of  the  sensory  neurones  in  tabes  would  involve  a 
similar  explanation,  but  many  have  objected  to  the  assumption 
that  in  this  disease  the  primary  lesion  is  in  the  cell  bodies  of 
the  spinal  ganglia. 

Inasmuch  as  in  tabes  we  have  not,  as  after  section  of  a  dorsal 
nerve  root,  a  complete  degeneration  following  the  continuation  of 
the  fibres  within  the  spinal  cord,  but  rather  an  elective  degenera- 
tion of  the  dorsal  funicidi,  certain  only  of  the  intramedullary  con- 
tinuations of  the  dorsal  roots  being  involved  in  the  disease  process, 
at  least  in  the  early  stages,  it  seems  to  me  that  one  of  two  views  has 
to  be  accepted  for  the  explanation  of  its  origin.  Either  this  is  to  be 
sought  in  a  slow  intoxication  of  the  cord,  the  toxine  being  one  that 
influences  deleteriously  the  sensory  regions  of  the  cord  and  by  pref- 
erence only  certain  parts  of  these,  the  individual  bundles  which 
succumb  varying  to  a  certain  extent  indifferent  cases  of  the  disease, 
or  the  toxic  process  is  exerted  in  an  elective  way  in  the  spinal  gan- 
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glia,  or  possibly  on  the  whole  of  the  peripheral  sensory  neurone, 
certain  only  of  the  peripheral  sensory  neurones  being  affected,  at 
least  at  first,  and  accordingly  certain  only  of  the  fibres  of  the  dorsal 
funiculi  inside  the  cord.    The  former  view  has  been  supported  by 
Erb,  Striimpell,  Mobius  and  others.    A  result  of  poisoning  some- 
what similar  to  that  assumed  in  this  doctrine  of  the  origin  of  tabes 
has  been  observed  in  certain  other  intoxications.     Further,  nothing 
can  be  more  obvious  than  that  certain  groups  of  neurones  in  a 
given  individual  are  more  susceptible  than  others  to  a  given  toxk 
agent ;  more  than  this,  the  same  group  of  nerve  cells  in  two  indi- 
viduals may  react  very  differently  to  similar  doses  of  the  same 
poison.    Our  daily  experience  with  the  effects  of  alcohol,  coffee,  tea, 
and  certain  anaesthetics  upon  different  individuals  and  upon  our 
selves  under  different  circumstances  are  of  interest  in  this  connec- 
tion.   The  toxines  of  syphilis,  although  we  are  entirely  ignorant  as 
to  their  nature,  show  a  decided  preference  for  certain  parts  of  the 
cerebral  cortex,  other  areas  being  less  often  affected.     Hampers  ob- 
servations concerning  the  differences  in  the  psychic  disturbances 
following  carbon-bisulphide  poisoning  in  different  individuals  are 
very  convincing  in  this  regard,  as  are  also  the  careful  psycho-phar 
macological  investigations  of  Hoch  and  Kraepelin  *  concerning  the 
caffeine  and  ethereal  oils  in  samples  of  tea.    It  is  Flechsig^s  idea 
that  these  variations  in  vulnerability  of  different  groups  of  neu- 
rones, and  of  the  different  portions  of  the  individual  neurones,  aje 
to  be  traced  back  in  large  part  to  developmental  conditions,  a  sug- 
gestion which  is  highly  plausible  in  view  of  the  evidence  that  can 
be  brought  forward  in  its  favor. 

The  answers  to  the  questions  which  we  have  formulated 
concerning  the  events  occurring  in  the  various  component  parts 
when  cut  off  from  the  main  body  of  the  neurone,  and  the  effects 
of  lesions  of  individual  portions  of  the  neurone  upon  the  neu- 
rone as  a  whole,  are,  of  necessity,  as  yet  very  incomplete.  Suf- 
ficient evidence,  however,  is  at  hand  to  render  clear  the  &rt 
that  the  neurone  as  a  whole  is  a  trophic  unit,  and  that  anj 
attempt  to  locate  the  trophic  function  exclusively  in  any  one 
portion  of  it  must  assuredly  fail.  We  have  seen  that  we  posses 
reliable  observations  which  all  favor  the  view  that  injury  to  anj 
part  of  it  also  affects  to  a  greater  or  less  extent  the  remainder 
of  the  neurone,  and  that  no  portion  of  a  neurone  is  capable  of 
existence  for  any  great  length  of  time  after  the  severance  of  its 

•  Hoch,  A.,  u.  E.  Kraepelin.  Ueber  die  Wirkung  der  Theebestuidtbeik 
auf  kSrperliche  und  geistige  Arbeit.  Kraepelin's  Psycholog.  Arbeiten,  B4  i 
(1895),  H.  2-3,  S.  37B-488. 


J 


THE  NEURONE  AS  THE  UNIT.  245 

connection  with  the  rest  of  the  nerve  unit.  And  after  all,  when 
one  thinks  of  it,  this  is  not  so  yery  astonishing ;  indeed,  it  is 
rather  a  matter  of  surprise  that  the  fact  should  have  been  ques- 
tioned,  after  the  knowledge  had  once  been  gained  that  a  neu-. 
rone  as  a  whole  represents  a  single  cell,  for  we  haye  long  known 
that  eyen  in  such  presumably  little  differentiated  protoplasm  as 
that  possessed  by  an  amoeba,  an  injury  (for  example,  with  silver 
nitrate)  to  one  portion  of  the  cell  body  is  speedily  answered  by 
phenomena  which  concern  the  whole  of  the  unicellular  organism. 
How  little  likely  that  a  nerve  cell,  the  protoplasm  of  which 
represents  the  highest  example  of  differentiation  along  the 
lines  of  irritability  with  which  we  are  acquainted,  should 
remain  uninfluenced  by  irritation  or  destruction  of  one  of  its 
integral  parts ! 

Many  facts  might  be  added  in  connection  with  regeneration 
of  nerve  fibres  and  nerve  cells  which  have  more  or  less  bearing 
upon  the  trophic  functions  of  the  neurones.  On  the  regenera- 
tion of  nerve  fibres  an  immense  amount  of  work  has  been  done,* 
some  very  important  contributions  having  been  made  by  inves- 
tigators in  this  country,  especially  by  Howell  and  Huber.f  It 
has  long  been  known  that  on  suitable  apposition  of  the  ends  of 
a  divided  motor  or  sensory  nerve,  the  axones  of  a  central  stump 
may  grow  out  again  to  the  periphery  and  function  may  again 
return.  In  the  event  of  the  re-establishment  of  connection  and 
function,  the  regressive  alterations  which  begin  to  appear  in 
the  central  portions  of  the  neurone  almost  immediately  after 
section  (Xissl)  gradually  give  place  again  to  the  normal  ap- 
pearances. The  investigations  of  Baer,  Dawson,  and  Marshall, 
carried  on  under  the  direction  of  W.  H.  Howell  (1897),  speak 
in  favor  of  the  regeneration  of  the  central  axones  of  peripheral 
sensory  neurones  in  the  dorsal  funiculi  of  the  cord  after  experi- 


*  Compare  the  excellent  review  and  critique  of  the  bibliography  up  to  1895 
by  H.  Stroebe.  Die  allgemeine  Histologie  der  degenerativen  und  regenera- 
tiven  Processe  im  centralen  und  peripheren  Nervensystera  nach  den  neuesten 
Forschangen.  Zusammenfassendes  Referat.  Centralbl.  f.  allg.  Path.  u. 
path.  Aoat,  Jena,  Bd.  vi  (1895),  S.  849-960. 

f  Howell,  W.  H.,  and  Huber,  G.  C.  A  Physiological,  Histological,  and 
Clinical  Study  of  the  Degeneration  and  Regeneration  in  Peripheral  Nerve 
Fibres  after  Severance  of  their  Connections  with  the  Nerve  Centres.  J.  Phys- 
iol., Cambridge,  vol.  xiii  (1892),  pp.  385-406,  and  vol.  xiv  (1893),  p.  1 ;  also 
Huber,  G.  C.  A  Study  of  the  Operative  Treatment  for  Loss  of  Nerve  Sub- 
stance in  Peripheral  Nerves.    J.  Morphol.,  Bost.,  vol.  xi  (1895),  pp.  629-740, 
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mental  lesion  of  a  dorsal  root  between  the  ganglion  spinale  and 
the  spinal  cord.* 

Regeneration  of  severed  nerve  fibres  within  the  spinal  cord 
and  brain  is,  unfortunately,  very  much  less  complete  than  in  pe- 
ripheral regions.  Whether  a  nerve  cell  once  entirely  destroyed 
can  have  its  place  adequately  filled  by  one  formed  by  division 
from  another  nerve  cell  is  a  question  of  vital  interest.  The 
researches  of  Tigges,  Mondino,  Coen,  Cattani,  and  Popoff  are  of 
importance  in  this  connection.  The  newspapers  have  recently 
contained  the  most  exaggerated  and  ludicrous  accounts  of  the 
significance  of  the  experiments  of  Vitzou.f  According  to  his 
researches,  there  may  be  an  actual  new  formation  of  nerve  cells 
in  the  brain,  and  it  is  his  opinion  that  the  restitution  of  func- 
tion after  ablation  experiments  is  to  be  attributed,  not,  &> 
Luciani  and  Tamburini  think,  to  the  existence  of  secondan 
centres  which  take  on  the  function  vicariously,  but  directly  to 
the  newly  formed  nerve  tissue.  This  view  is  not  shared  by  Te- 
deschi,!  of  Pisa,  although  this  investigator  also  asserts  that  he 
has  demonstrated  the  possibility  of  a  regeneration  of  the  nenre 
cells  (Fig.  156).  It  is  highly  desirable  that  these  studies  be 
repeated  and  extended,  especially  as  the  recent  researches  of 
Tirelli  *  on  the  spinal  ganglia,  and  of  Monti  and  Fieschi  |  on  the 
sympathetic  ganglia,  go  to  support  the  prevalent  view  that  in 
adult  animals  ganglion  cells  once  destroyed  are  not  regenerated. 
That  there  can  be  remarkable  regeneration  in  embryonic  stages, 

*  Baer,  W.  S.,  Dawson,  P.  M.,  and  H.  T.  Marshall.  Regeneration  of  the 
Dorsal  Root  Fibres  of  the  Second  Cervical  Nerve  within  the  Spinal  Cori 
J.  Exper.  Med.,  Bait.,  vol.  iii  (1899),  No.  1. 

t  Vitzou,  A.  N.  La  neoformation  des  cellules  nerveuses  dans  le  cerv«u 
du  singe  consecutive  k  Tablation  complete  des  lobes  occipitaux.  Compt 
rend.  Soc.  biol.,  September  16, 1895  ;  also  in  Compt.  rend.  Acad.  d.  scL,  Par. 
(1895),  cxxi,  445-447;  and  in  Arch  de  physiol.  norm,  et  path..  Par.  (1897).  5 
8.,  t.  ix,  pp.  29-43,  1  pi. 

t  Tedeschi,  A.  Anatomisch-pathologische  und  experimentelle  Unte^ 
suchungen  Ober  die  Regeneration  des  Nervengewebes.  Vorl.  Mitth.  Cen- 
tralbl.  f.  allg.  Path.  u.  path.  Anat.,  Jena,  Bd.  vii  (1896),  S.  449-451 ;  also  Anato- 
misch-experimenteller  Beitrag  zum  Studien  der  Regeneration  des  Geirebe 
des  Central nervensystems.  Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.,  Jena,  1887, 
xxi,  43-72,  3  pi. 

«  Tirelli,  V.  Dei  process!  riparativi  nel  ganglio  intervertebrale.  Ann. di 
frcniatr.  e  sc.  affini,  Torino,  vol.  v  (1895),  pp.  9-26 ;  also  Transl.  in  Artjh.  ital 
de  biol.,  Turin,  t.  xxiii  (1895-'96),  pp.  301-316. 

I  Monti,  A.,  et  Fieschi,  D.  Sur  la  guerison  des  blessures  des  ganglions 
sympathique.     Arch.  ital.  de  biol.,  Turin,  t.  xxiv  (1895-*96),  pp.  401-413. 
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however,  is  fully  established ;  witness  the  experiments  of  Roux, 
Loeb,  and  others.     Flexner  has  recently  studied  with  care  the 


O' 


process  of  regeneration  in  planarians  with  especial  reference  to 
the  histological  side.* 

Of  these  phenomena  of  regeneration  it  may  be  said  briefly 
that  they  emphasize  most  strikingly  the  cellular  nature  of  the 
neurones,  and  accord  in  nearly  every  particular  with  what  n 
priori  might  have  been  expected. 

I  have  purposely  laid  particular  stress  upon  the  unity  which 
characterizes  the  trophic  functions  of  the  neurone,  because  the 
Wallerian  doctrine  of  trophic  centres  has  been  so  ingrained  in 
our  minds  that  it  is  difficult  to  disabuse  them  of  the  erroneous 
portions  of  it.  In  making  this  point,  however,  there  has  been 
no  intention  of  giving  the  impression  that  all  portions  of  the 
neurone  are  of  equal  Talue  from  the  standpoint  of  nutrition. 
Such  an  idea  would  probably  involve  a  fallacy  even  greater  than 
the  one  from  which  we  are  being  emancipated.  Exactly  the 
part  played  by  the  dendrites,  by  the  cell  body,  and  by  the  axone 
in  the  nutritive  processes  it  is  as  yet  impossible  to  say ;  hut  that 
each  has  an  important  function  is  certain,  and  that  the  Tole  of 
the  non-medullated  portions  of  the  neurone  is  somewhat  differ- 
ent from  that  of  the  medullated  seems  very  likely. 

We  have  now  to  turn  onr  attention  for  a  short  while  to  the 
phenomena  of  irritability  as  manifested  by  the  neurones,  and 
shall  return  later  to  consider  the  relations  of  the  trophic  func- 
tions to  the  nervous  functions  proper. 

•  Fleiner,  S.  The  Regenoration  of  Ihe  Nervous  System  of  PlanarJs 
ton-*  ani]  the  Anatomvof  the  Nervous  System  of  Double- Ueatled  Forms.  J. 
Morphol..  Bost.,  vol.  xiv  (l897-"08).  pp.  837-^40. 


CHAPTER   XXI. 

THE   IRRITABILITY   OF  THE  NEURONES. 

The  phenomena  of  irritability  of  the  neurones — Applicability  of  the  law  of 
the  conservation  of  energy  in  the  domain  of  animal  life — The  problems 
to  be  solved — Unremitting  character  of  the  activity  of  the  neurones- 
The  majority  of  the  nervous  processes  unconscious — Significance  of  the 
so-called  "subconscious'*  and  " inf raconscious **  centripetal  and  cen- 
trifugal impulses — Question  of  spontaneity  of  neurone  activity — On  tbe 
transference  of  an  excitation  from  one  neurone  to  another — ^The  "*  neu- 
rone-threshold  " — Importance  of  proper  adjustment  of  stimuli— Ed- 
inger's  theory  of  tabes — The  specific  energies  of  nerves. 

The  physiologist  of  the  present  day  sees  in  the  functions  of 
the  nervous  system,  even  in  those  which  are  most  complicated, 
only  certain  manifestations  of  energy.  Moreover,  he  belicTes 
that  in  neurones,  as  in  all  other  cells  of  the  body,  and  as  in  the 
world  generally,  the  law  of  the  conservation  of  energy  during 
transformation  holds,  and  consequently  regards  the  phenomena 
of  irritability,  as  exhibited  by  a  neurone  or  by  groups  of  neu- 
rones, as  the  kinetic  representative  of  the  potential  forces  of  the 
cells  and  their  food  stuffs.  The  metabolic  activities  and  the  vital 
manifestations  of  the  cell  are  concomitant  processes — another 
example  of  the  inseparable  connection  which  exists  between 
what  we  term  matter  and  energy.  There  has  been  in  many 
quarters  a  certain  amount  of  hesitancy  in  accepting  the  viev 
that  the  capacities  of  the  nervous  system,  particularly  those  of 
the  brain,  are  dependent  directly  upon  the  chemical  and  phys- 
ical alterations  which  are  continually  going  on  within  its  con- 
stituents— a  hesitancy  which,  though  it  has  in  the  past  proved 
a  serious  obstacle  to  progress,  is  happily  now  fast  disappearing. 
For  the  plant,  all  the  evidence  goes  to  prove  that  under  the  in- 
fluence of  sunlight  and  heat  marked  chemical  and  physical 
changes  take  place  within  it  which  we  recognize  in  its  vital 
processes.  In  the  animal,  be  it  granivorous,  carnivorous,  or, 
like  man,  omnivoi'ous,  it  is  the  chemical  energy  introduced  as 
348 
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food  which  represents  in  the  main  the  source  of  the  energy  of 
the  organism.  The  recent  accurate  calorimetric  studies  of 
Rnbner  *  are  of  much  interest  in  this  connection,  and  demon- 
strate in  a  most  convincing  way  the  applicability  of  the  law  of 
the  conservation  of  energy  in  the  domain  of  animal  life.  While, 
however,  our  present  knowledge  suffices  to  permit  the  recogni- 
tion in  groups  of  living  cells  of  these  broad  general  laws,  which 
were  formerly  thought  by  many  to  be  applicable  only  to  inani- 
mate nature,  it  must  be  admitted  that  in  no  single  instance  are 
the  details  of  the  transformations  of  energy  known  to  us  in  any 
degree  of  completeness.  We  have  not  as  yet  discovered  very 
much  that  is  definite  concerning  the  storing  up  of  energy  in- 
side the  individual  neurones,  and  our  information  relating 
to  the  discharges  of  energy  in  these  structures  is  even  more 
scanty. 

The  physiologists  have  been  struggling  for  fifty  years  or 
more  to  gain  an  insight  into  the  nature  of  what  they  call  nerve 
impulses,  by  which  is  to  be  understood  the  occurrences  inside 
axones — for  example,  at  the  time  when  we  have  good  reason  to 
believe  that  they  are  functionally  extraordinarily  active.  Their 
efforts  have  supplied  us  with  a  multitude  of  data,  physical  and 
chemical,  interesting  enough,  no  doubt,  but  which  can  serve  as 
only  the  barest  prolegomena  to  an  explanation  of  the  essence 
of  the  occurrences.  If  we  are  so  badly  informed  concerning 
these  elementary  and  fundamental  phenomena  we  may  very 
well  be  content  to  be  modest  for  some  time  to  come  in  our 
claims  as  regards  a  physiological  psychology.  It  is  by  no  means 
impossible  that  in  the  nervous  system  forms  of  energy  are  con- 
cerned which  do  not  exist  outside  the  animal  body  and  which 
yet  remain  to  be  recognized  and  studied. 

It  would  be  easy  enough  to  outline  rapidly  the  most  salient 
points  with  which  we  need  to  be  better  acquainted.  The  dif- 
ferences in  neurones  in  different  species  of  animals,  the  influ- 
ence of  heredity  upon  the  structure  of  the  neurones,  the  auto- 
matic activities  in  these  cells,  if  indeed  they  have  any  which 
are  absolutely  automatic,  the  changes  in  neurones  resulting 
from  chemical  and  physical  alterations  in  their  environment, 
their  powers  of  adaptation,  and  many  other  questions  present 

•  Rubner,  M.    Die  Quelle  der  thierischen  Warms.   Ztschr.  f.  Biol.,  MGnch. 
u.  Leipz.,  Bd.  xxx  (18»4),  S.  73-142. 
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themselves,  the  solution  of  any  one  of  which  would  bring  about 
a  great  adyance  in  our  knowledge.  Truly,  to  find  out  the 
properties  of  a  single  neurone  would  be  a  task  appalling 
enough,  but  when  we  remember  that  of  the  millions  of  neurones 
in  one  individual  perhaps  no  two  are  just  alike,  the  qnest 
would  seem  hopeless.  But  instead  of  burying  ourselves  in 
pessimistic  reflections,  or  being  discouraged  by  what  is  at  pre^ 
ent  unattainable,  by  what  may  perhaps  forever  remain  to  us 
unknowable,  we  may  profitably  turn  to  the  consideration  of 
some  of  the  points  which  lie  more  within  our  ken. 

One  point,  self-evident  enough  when  one^s  attention  k 
directed  to  it,  but  which  often  appears  to  have  been  overlooked 
in  connection  with  the  neurones,  is  the  unremitting  character 
of  their  activity.  With  a  metabolism  so  complicated  as  that 
occurring  within  the  nerve  units  it  is  inconceivable  that  there 
can  be  any  period  in  which  alterations  in  chemical  stracture, 
and  consequently  energy  transformation,  are  not  going  on. 
From  moment  to  moment,  throughout  all  the  hours  of  the  day 
and  night,  analytic  and  synthetic  processes  are  taking  place, 
associated  with  the  alterations  in  physical  forces  which  neces- 
sarUy  accompany  these  changes.  In  common  with  everything 
that  lives,  the  neurones  know  no  ahsolute  repose.  As  1  have 
said,  in  speaking  of  their  metabolism,  periods  of  extravagant 
activity  may  alternate  with  periods  of  more  economic  chuige, 
but  total  rest  is  inconsonant  with  continuance  of  existence. 
We  are  forced  to  believe  that  what  we  ordinarily  speak  of  as 
the  passage  of  a  nerve  impulse  represents,  as  it  were,  a  stormy 
process  in  the  nerve  fibre^  and  that  just  as  absence  of  a  stomi 
does  not  mean  absence  of  weather,  there  are  in  all  probability  r 
minor  alterations,  currents  if  you  will,  passing  to  or  fro  or  to 
aiul  tto  in  a  given  nerve  fibre  in  the  intervals  between  the 
more  violent  excitations.  With  increasing  knowledge  the  inn 
)H>rtanee  of  centripetal  impulses  which  fall  below  the  thresh- 
olil  of  iH>u$ciousuess  and  of  centrifugal  impulses  insufficient  to 
call  torth  visible  muscular  contractions  is  becoming  more  and 
moi*t^  evident.  In  a  healthy  individual  perhaps  the  majority  of 
th^  iu^>ul^$  pasting  from  the  periphery  into  the  nerve  centres 
\\\iky\^  uo  sihare  in  the  ev>mpo6^ition  of  the  mental  pictures,  but 
tlu^M^  HuWou^cious  stimulations  are  doubtless  of  decisive  signifi- 
OHiUH^  fiU'  the  nutritiou  of  the  elements  concerned  and  fortht* 
(it'ooi'MMt^  uf  auWoujk'iousj  co-ordiuation.    SimilarW,  the  myriads 
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of  impulses  passing  to  the  muscles  without  producing  marked 
contractions  in  them  must  of  necessity  have  to  do  not  only 
with  the  proper  metabolism  of  the  motor  neurones,  but  also 
with  the  nutritive  processes  in  the  muscles  themselves.  In- 
deed, there  is  much  evidence  to  show  that  the  nutrition  of  the 
muscles  can  be  kept  up  very  well  in  the  absence  of  active  mus- 
cular contractions  so  long  as  these  less  violent  impulses  pass 
regularly  to  them,  but  as  soon  as  the  latter  are  cut  off  the 
muscles  speedily  undergo  atrophy.  This  fact  is  often  extremely 
well  illustrated  in  cases  of  hysterical  patients,  where,  as  is  well 
known,  there  may  be  inactivity  of  certain  muscles  for  very  long 
periods  without  any  very  marked  atrophy.  By  means  of  very 
delicate  graphic  methods  it  can  be  shown  that  the  muscles  in 
such  patients  are  innervated  when  corresponding  movements 
are  thought  of,  just  as  in  a  healthy  individual  the  hearing  of 
the  word  "  tower "  is  often  associated  with  nerve  impulses  to 
the  eye  muscles,  which  tend  to  make  the  individual  look  up. 
The  different  tracings  yielded  by  the  automatograph  during 
various  psychic  processes  may  be  mentioned  as  interesting  in 
this  connection.  The  importance  of  the  continuous  passage  of 
impulses  along  the  sensory  nerves  for  the  carrying  out  of  all 
complicated  movements  of  the  muscles,  long  emphasized  by 
the  observations  upon  tabes  and  ajso  upon  cases  in  which  there 
have  been  lesions  of  the  trigeminus,  has  been  made  even  more 
strikingly  evident  by  Mott,  Sherrington,  and  others  who  ex- 
perimented upon  monkeys  in  whom  the  dorsal  roots  of  certain 
of  the  spinal  nerves  had  been  cut.  In  such  animals,  although 
practically  all  the  motor  neurones  (except  the  few  possible 
motor  axones  of  the  dorsal  roots)  are  intact,  and  the  memory 
traces  of  previous  movements  must  be  believed  to  still  exist, 
movements  of  the  limbs  innervated  by  the  corresponding  seg- 
ments of  the  spinal  cord,  those  which  are  complicated  as  well 
as  many  which  are  quite  simple,  are  only  very  inaccurately 
carried  out.  The  continuity  of  the  nerve  excitations  can 
therefore  scarcely  be  insisted  upon  too  forcibly,  and  I  am  in- 
clined to  agree  fully  with  Goldscheider  when  he  says,  "  Es 
herrscht  eine  zeitliche  Continuitiit  von  Erregungen  in  alien 
Bahnen  des  Nervensystems."  As  Donaldson,*  writing  in  this 
connection,  beautifully  puts  it :  "  In  this  picturing  the  entire 

*  Op.  cit,  p.  284. 
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nervous  system  as  a  sensitive  mechanism,  it  is  evident  that  it 
must  respond  to  the  surrounding  stimuli  as  does  the  water  of 
a  lake  to  the  breeze;  and  such  is  the  relation  between  the 
central  system  and  its  environment  that  the  breeze  is  always 
blowing  and  the  waves  of  change  always  chasing  one  another 
among  the  responsive  elements.  If  there  are  no  waves,  then 
the  cells  are  dead.  The  breeze  still  blows,  but  it  falls  on  a 
frozen  surface,  on  cells  chilled  and  rigid  beyond  the  power  of 
response." 

The  influence  of  the  arrival  or  non-arrival  of  external  stimuli 
to  the  neurones  upon  their  trophic  and  nervous  functions  will 
be  referred  to  a  little  later.  If  among  external  stimuli  we 
class  not  simply  those  outside  the  body,  in  which  event  a  very 
minute  fraction  of  the  whole  number  of  neurones  would  be 
directly  accessible  to  external  stimuli,  but  all  those  external  to 
a  given  neurone,  including  those  arriving  through  the  lymph 
which  bathes  it,  or  by  means  of  the  processes  of  other  neurones 
which  enter  into  relations  of  conduction  with  it,  we  shall  come 
to  the  conclusion  that  the  limits  of  genuine  spontaneity  of 
action  on  the  part  of  neurones  are  very  narrow ;  indeed,  some 
authors  would  deny  its  existence  altogether.  Von  Lenhossek, 
for  example,  says:  ''Man  darf  den  Satz  wohl  als  gesicheit 
betrachten,  dass  es  keine  N^rvenzelle  giebt,  die  ihre  Nerren- 
wirkungen  aus  sich  selbst  heraus,  ohne  aeussere  Impulse,  spon- 
tan  entfalten  konnte."  The  reflex  actions  are  very  obviously 
dependent  upon  external  influences,  as  are  also  the  instinctiye 
reactions,  and  what  we  call  volitional  movements  are,  when 
analyzed,  apparently  only  reactions  to  external  influences  modi- 
fied by  memories.  We  must  not  lose  sight  of  the  fact,  how- 
ever, that  there  may  be  periods  of  considerable  length  inter- 
vening between  the  arrival  of  the  external  influence  and  the 
discharge  of  energy  which  it  determines  or  helps  to  determine, 
just  as  we  know  that  the  springs  of  conduct  often  lie  far  re- 
moved from  immediate  acts.  And  it  is  just  here  that  the  laws 
bearing  upon  the  summation  of  stimuli'*'  assume  an  especial 
interest,  although  they  must  be  passed  by  now  without  dis- 
cussion. 

♦  Cf,  Du  Bois-Reymond.  Ueber  die  AuslSsung  von  Reflexbewegungeo 
durch  eine  Summe  schwacher  Reize,  1880 ;  also  the  review  of  this  subject  bj 
S.  Exner.  Entwurf  zu  einer  physiologischen  Erkl&rung  der  psychiscbec 
Erscheinungen  I  Theil,  Leipz.  u.  Wien,  8to  (1894),  Cap.  ii,  S.  49. 
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Of  the  physiology  of  the  transference  of  an  excitation  from 
one  neurone  to  another,  a  word  may  be  in  place.  All  our 
knowledge  of  sensation  goes  to  indicate  that  a  certain  minimal 
amount  of  stimulation  is  necessary  to  call  forth  a  reaction ;  for 
example,  to  stimulate  a  pressure  point  in  the  skin  a  certain 
amount  of  pressure,  say  from  a  hair,  is  required  to  elicit  the 
sensation  of  touch.  Any  pressure  less  in  amount  will  not  suf- 
fice. That  is  to  say,  the  touch  point  has  a  "  threshold  value."  * 
In  the  same  way  there  are  threshold  yalues  for  the  various  cold 
points,!  warm  points,  and  pain  points,  and  in  connection  with 
the  special  sense  organs  much  work  has  been  done  upon  the  spe- 
cial threshold  stimuli  which  will  call  forth  sensations  of  light, 
smell,  sound,  and  taste.  It  is  obvious,  if  the  neurone  doctrine 
be  true,  that  for  the  spreading  of  an  impulse  or  excitation 
through  the  nervous  system  one  neurone  must  act  as  the  exci- 
tant upon  the  neurone  or  neurones  beyond  it  which  stand  in 
conduction  relation  with  it.  It  seems  highly  probable,  there- 
fore, that  each  neurone  has  a  special  threshold  value.  Oold- 
scheider,^  in  a  brilliant  essay  recently  published,  has  defined  the 
"neurone  threshold  "  {Neuronschwelle)  to  be  the  degree  of  ex- 
citation of  a  neurone  which  just  suffices  to  call  forth  a  fruitful 
excitation  in  a  neurone  with  which  it  is  in  contact ;  that  is,  that 
sufficient  to  call  forth  a  sensation,  a  movement,  etc.  If  this 
view  be  correct,  the  resistance  in  the  passage  of  the  excitation 
from  neurone  to  neurone  would,  Goldscheider  believes,  lie  at 
the  point  of  contact  or  of  concrescence  of  the  neurones.  A 
series  of  new  problems  are  opened  up  by  this  suggestion,  not 
only  with  regard  to  the  easier  propagation  of  impulses  in  habit- 
ual nerve  processes  (Bahnung)  and  with  regard  to  the  phe- 
nomena of  inhibition  {Hemmung\  but  also  with  regard  to  the 
therapy  of  nervous  diseases,  especially  the  explanation  of  phys- 

•  Cf.  ▼.  Frey,  M.  Untersuchungen  Qber  die  Sinnesfunctionen  der 
menschlichen  Haut.  Erste  Abhandlung :  Druckempfindung  und  Schmerz. 
Abhandl.  d.  math.-phys.  CL  d.  K.  Sftchs.  Gesellsch.  d.  Wissensch.,  fid.  xxiii 
(1896),  No.  3,  S.  168-266. 

f  Barker,  L.  F.  Ueber  einen  Fall  von  einseitiger,  umschriebener  und 
elektiyer  sensibler  Lfthmung.  Deutsche  Ztschr.  f.  Nervenh.,  Leipz.,  Bd. 
Tiii  (1895-'96),  S.  348-858.  Also  Transl.  in  J.  Exper.  M.,  Bait.,  vol.  i  (1896), 
pp.  348-360. 

X  €k>id8cheider,  A.  Die  Bedeutnng  der  Reize  fiir  Pathologic  and  The- 
Tapie  im  Lichte  der  Neuronlehre,  Leipz.  (1898),  8vo,  S.  1-88. 
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ieal  therapeutic  methods  like  massage  and  hydrotherapy.  The 
monograph  comes  to  hand  too  late  to  he  reviewed  here  in  deUul^ 
but  every  neurologist  will  be  repaid  by  a  careful  perusal  of  it. 

The  importance  of  normal  adequate  stimuli  for  the  welfare 
of  the  neurones  in  health  can  no  longer  be  questioned.  As  van 
Gehuchten  has  emphasized,  without  stimuli  there  can  be  no  life. 
For  the  maintenance  of  absolutely  perfect  function  the  relation 
of  stimuli  to  the  reparative  nutritive  power  of  the  cell  must  be 
absolutely  and  perfectly  adjusted.  Just  here  the  Ersatz-Theorie 
of  tabes  elaborated  by  Edinger  can  be  easily  understood.  Edin- 
ger,  under  the  influence  of  Weigert,  assumes  that,  if  stimuli  be 
received  in  excess,  a  nerve  cell  is  no  longer  able  in  the  intervals 
of  active  function  to  repair  the  loss  sustained  by  the  functional 
activity.  As  a  result,  progressive  d^eneration  ensues.  In  cer- 
tain diseases  like  tabes  there  is,  in  his  opinion,  an  abnormal 
impairment  of  the  power  of  restitution  on  the  part  of  the  nerve 
ct^Il,  so  that  a  given  neurone  is  no  longer  able  to  keep  up  its  no- 
trition  even  when  the  stimuli  reaching  it  are  not  in  excess  of 
what  would  be  normal  in  a  healthy  body.  As  a  therapeutic 
measure  in  tabes,  therefore,  he  urges  the  importance  of  giving 
more  than  usual  rest  to  the  neurones  which  are  degenerating. 
Thu&»  a  man  who  has  been  compelled  to  be  much  upon  his  feet, 
and  who  suffer^  say,  from  lumbar  tabes,  would  be  ordered  rest 
iu  be<L  lu  cases  of  brachial  tabes,  exercise  of  the  arms  would 
bt»  iutenlieted.  \Yith  beginning  degeneration  of  the  optic  paths 
reailiug  and  all  unnecessary  Uise  of  the  eyes  would  be  proscribed. 
Kdtnger  aisserts  that  he  has,  in  m^ny  instances,  not  only  been 
able  to  arrest  the  progress  of  the  disease  in  this  way,  but  to 
ttujurkedlv  ameliorate  symptoms  already  present. 

lu  many  cases  of  neurasthenisfc  associated  with  pathological 
painful  sensations  in  one  part  of  the  body,  the  symptoms  can 
be  relieved  by  increasing  the  number  of  stimuli  entering  the 
ceutnd  nervous  svstem  bv  means  of  sensorv  neurones  distrib- 
uteil  to  other  parts  of  the  body,  by  massage,  faradization,  hydro- 
therapy^  etc.  It  is  not  impossible  that  the  beneficial  effects  of 
ciumter-irritatiou  are  to  receive  their  expLumtion  in  a  similar 
way.  It  will  be  the  task  of  the  clinical  neurolc^st  in  the  future 
to  decide  f>vm  his  study  of  a  given  case  as  to  the  existence  of 
abnormal  ueuroae-threshold  values ;  turther,  what  neurones  arc 
rvot^ivUig  an  excess^  of  stimuli  and  what  neurones  are  being  in- 
ttuthoieatly  Htimulated,  and  to  outline  his  treatment  aecordingij. 
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The  doctrine  of  the  specific  energies  of  nerves,  since  the 
time  of  its  formulation  by  Johannes  Muller,  has  taken  a  promi- 
nent place  in  nerve  physiology.  The  view  of  Muller  has  been 
much  misunderstood  and  often  misstated,  and  many  modifica- 
tions of  it  have  been  suggested.*  It  has  been  left  for  the  neu- 
rone doctrine  to  explain,  if  it  can,  why  it  is  that  on  stimulation 
of  the  retina  or  of  the  optic  nerve,  for  example,  the  response 
always  occurs  in  one  and  the  same  manner ;  no  matter  whether 
the  stimulation  be  by  normal  methods  or  by  mechanical  or  elec- 
trical means,  the  sensation  of  light  or  of  color  alone  is  yielded ; 
or  how  it  happens  that  when  a  "  cold  point "  in  the  skin  is  stim- 
ulated, whether  it  be  with  ice,  the  prick  of  a  sharp  toothpick^ 
an  electrical  current,  or  a  piece  of  hot  wire  (paradoxical  cold 
reaction  of  von  Frey),  the  sensation  of  cold  always  results. 

The  constancy  of  the  quality  of  the  reaction,  despite  the 
variability  in  the  form  of  the  external  stimulus,  is  one  of  the 
most  puzzling  of  the  phenomena  with  which  the  neurologist 
has  to  deal.  While  some  physiologists  would  attribute  the 
whole  essence  of  the  process  to  the  characters  of  the  peripheral 
apparatus  with  which  the  nerves  are  connected,  maintaining 
that  the  position  of  the  centres  at  which  the  stimuli  arrive  at 
birth  is  a  matter  of  little  significance,  others  hold  that  the  sort 
of  response  evoked  is  dependent  entirely  upon  the  central  region 
affected  by  the  stimulus,  which  would  mean  that  the  specific  en- 
ergies belong  to  the  centres  and  are  practically  independent  of 
the  periphery.  It  seems  to  me  that  each  of  these  doctrines, 
though  supported  by  distinguished  neurologists,  is  necessarily 
incomplete-  Is  it  not  much  more  likely  that  in  the  gradual 
process  of  development  and  modification  peripheral  and  central 
organs  have  been  correlatively  differentiated  ?  We  can  not  think 
that  the  various  modifications  of  apparatus  mediating  between 
the  external  physical  influences  and  the  most  peripheral  por- 
tions of  the  sensory  neurones  of  different  kinds  represent  acci- 
dental structures  which  have  no  physiological  import,  nor  can 
we  imagine  that  were  the  central  projection  fields  in  the  cere- 
bral cortex,  at  which  the  sensory  impulses  arrive  from  the  dif- 
ferent parts  of  the  periphery,  of  no  specific  significance  for  the 
origin  of  the  different  sensations,  they  would  present  for  the 

*  For  a  clear  and  complete  account  of  the  doctrine  the  reader  is  referred 
to  A.  Goldscheider's  article :  Die  Lehre  von  den  specifischen  Energieen  der 
Sinnesnerven,  Berlin,  1881. 


256  THE  NERVOUS  SYSTEM. 

different  sensations  so  absolutely  specific  a  structure.*  The 
pathological  cases  again,  in  which  direct  irritation  of  these  areas 
in  the  cortex  has  called  forth  definite  sense  perceptions,  speak 
for  a  direct  relation  of  these  centres  to  the  specific  energies  of 
the  sensory  nerves.  Odors,  images  of  colored  objects,  of  miu- 
cular  movements,  and  of  sounds  have  been  experienced  by  indi- 
viduals suffering  from  the  pressure  of  cysts  and  other  bodies 
upon  the  corresponding  cortical  sense  areas. 

The  question  is  still  obscure,  nor  have  we  much  promise 
that  it  will  speedily  be  satisfactorily  explained.  Von  Kdlliker,f 
in  a  discussion  of  the  physiological  functions  of  the  elements 
of  the  brain,  thinks  that  all  nerve  cells  possess  in  the  beginning 
essentially  the  same  function,  and  that  the  manifestation  of 
function  depends  entirely  upon  the  manifold  external  influences 
or  stimuli  which  affect  them,  and  upon  the  many  possible  modes 

of  responding  to  these  excitations.  | 

« 

*  ^^  Die  handgreiflichen  Unterschiede  im  Bau  der  Centralwindungen,  de 
Rinde  der  Fissura  calcarlna,  des  Gyrus  hippocampi,  etc.,  sind  scbon  Itnge 
bekannt,  wenn  auch  sonderbarerweise  nicht  recht  gewHrdigt."  P.  Flecha^ 
Gehim  und  Seele,  II  Aufl.,  Anm.  31. 

t  Op,  cit,  Bd.  ii,  S.  803-813. 

I  "  So  drftngt  sich  doch  zuletzt  die  Ueberzeugang  zwingend  auf,  dass  alle 
NerTenzellen  yon  Hause  aus  wesentlich  dieselbe  Funktion  besitzen,  and  dis 
das  Inslebentreten  derselben  einzig  und  allein  von  den  mannigfacbeD 
ftusseren  Einwirkungen  oder  Reizen.  welche  dieselben  treffen  und  toq  deo 
yielen  M5glichkeiten  einer  Beantwortung  dieser  Erregungen  abhftngt" 


CHAPTER   XXII. 

THE   NEURONE   AS   A    UNIT  OF   NERVOUS    FUNCTION. 

Participation  of  all  parts  of  the  neurone  in  the  phenomena  of  irritability — 
Functions  of  the  cell  bodies — Views  regarding  the  nature  of  the 
dendrites. 

With  the  concept  we  have  gained  of  the  neurone  with  all 
its  parts,  as  a  cell,  and  of  the  unity  which  characterizes  the 
various  steps  in  its  metabolism,  it  would  almost  seem  idle  to 
devote  time  to  the  question  of  the  existence  of  a  unity  in 
nervous  function;  the  latter  would  appear  to  be  a  necessary 
corollary,  and  I  should  not  discuss  this  topic  at  all  were  it  not 
that  some  of  the  most  distinguished  investigators  have  assumed 
that  only  a  part  of  the  neurone  is  concerned  in  the  actual  nerve 
function,  in  the  phenomena  of  irritability,  in  the  transmission 
of  impulses,  and  the  like.*  All  are  agreed  that  the  axone — 
the  axis  cylinder  of  the  nerve  fibre — with  its  endings,  is  active 
in  the  conduction  of  impulses,  but  concerning  the  nerve 
function  of  the  cell  body  and  of  the  dendrites  there  has  been 
much  controversy.  Recalling  for  a  moment  what  was  said  at  the 
beginning  of  these  remarks  regarding  the  position  assumed  by 
Golgi  as  to  a  diffuse  nerve  network,  it  will  be  remembered  that 
he  excluded  in  the  spinal  cord  the  dendrites  and  the  cell  body 
from  the  reflex  arc.  The  sensory  impulses,  he  thought,  passed 
from  the  sensory  fibres  directly  through  the  fibril  reticulum 
out  along  the  side  fibrils  to  the  axones  of  the  motor  fibres,  and 
thence  along  them  to  the  muscles.  Accordingly,  he  doubted 
the  possession  of  nerve  function  by  the  cell  body  and  dendrites, 
and  assumed  that  they  were  set  apart  to  act  solely  as  nutritive 
structures.  That  the  cell  bodies  themselves  are  concerned 
directly  in  the  nerve  function  can  now  scarcely  be  doubted  by 
any  one,  hardly  even  by  Golgi  and  Nansen,  since  the  intimate 


*  Irritability  and  conductivity,  as  has  long  been  known,  are  not  equiva- 
lent terms. 
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relation  of  axone  and  terminals  to  the  protoplasm  has  been 
clearly  demonstrated  in  certain  instances.  The  origin  of  the 
idea  of  the  non-participation  of  the  cell  body  in  the  propagation 
of  nerve  impulses  can  be  accounted  for  by  the  apparent  exist- 
ence of  mechanisms  for  excluding  it  from  the  direct  path  of 
the  current.  A  pregnant  example  offered  was  the  arrangement 
in  the  spinal  ganglion  cell.  For  a  long  time  it  was  held  bj 
many  that  the  T-shaped  process  which  brought  the  peripheral 
into  a  direct  line  with  the  central  axone  was  for  the  purpose  of 
cutting  off  the  cell  body  from  the  conduction  path.  This  idea 
was  negatived  by  the  demonstration  of  Wundt  *  of  a  delay  in 
the  passage  of  the  impulse  corresponding  to  its  passage  throngh 
the  spinal  ganglion  of  0.003  of  a  second,  a  result  which  has 
been  confirmed  and  extended  by  the  experiments  of  Gad  and 
Joseph  upon  the  vagus  of  rabbits.  Moreover,  the  relations  of 
the  processes  to  the  cell  body  in  the  cochlear  and  vestibular 
ganglia  of  human  beings,  as  well  as  those  in  all  the  sensory 
ganglia  of  fishes,  necessitates  the  passage  of  the  impulses  di- 
rectly through  the  cell  bodies.  And,  lastly,  the  physiologists 
who  have  studied  such  centres,  as,  for  example,  that  governing 
respiration  in  the  ipedulla,  and  who  assume  that  excitation  of 
this  centre  can  result  from  the  direct  chemical  action  of  gases 
in  the  blood,  will  not  permit  us  to  believe  that  the  group  of 
cell  bodies  making  up  the  centre  is  unconcerned  in  nerroos 
mechanisms. 

There  has  been  much  controversial  writing  upon  the  func- 
tions of  the  dendrites.  The  arguments  in  favor  of  the  different 
views  have  been  ably  marshaled  and  criticised  by  both  Yon 
KoUiker  f  and  von  Lenhossek.  J  On  account  of  the  fundamental 
importance  of  the  topic  it  will  be  necessary  to  consider  briefly 
the  main  points  bearing  upon  it. 

A  mainstay  of  the  Golgi  school  was  the  supposed  direct 
attachment  of  the  ends  of  the  dendrites  to  the  glia  cells  and  to 
walls  of  the  blood-vessels.  The  supporters  of  the  "  nutrition " 
view  held  that  the  dendrites  through  their  apical  attachments 
represent  the  direct  paths  for  the  introduction  of  food  materiab 


*  Wundt,  W.  Untersuchungen  zur  Mechanik  der  Nerven  and  NenreD- 
centren,  8vo,  Stuttgart,  1871-76. 

t  Von  KSUiker.  Handbuch  der  Gewebelehre  des  Menachen,  Bd.  ii,  S.  58. 
111-115, 12^128,  683,  684. 

t  Op,  eit.,  S.  135-143. 
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from  the  blood-vessels  into  the  nerve  cells.  Now,  while  the 
direct  attachment  of  many  of  the  processes  of  glia  cells  to  the 
waHs  of  the  blood-vessels  appearf  to  have  been  definitely 
proved,  there  is  no  evidence  at  all  that  any  such  arrangement 
commonly  exists  for  the  dendrites  of  the  nerve  cells.  Accord- 
ing to  von  KoUiker,  the  only  attempt  to  picture  such  a  relation 
is  that  of  Sala.*  This  example  of  failure  of  the  dendrites  to 
end  free  must  be  looked  upon  as  an  unusual  observation.  Even 
if  it  be  confirmed,  the  experience  of  every  one  who  works  with 
the  silver  method  must  convince  him  that  such  a  relation  is 
highly  exceptional.  Moreover,  studies  upon  the  histogenesis  of 
the  nerve  centres  reveal  no  distinct  reciprocal  relations  between 
the  blood-vessels  and  the  dendrites. 

This  connection  with  the  blood-vessels  was  thought  by  Golgi 
to  be  the  true  explanation  for  the  existence  of  the  forests  of 
dendrites  which  pass  out  toward  the  surface  of  the  cerebellum 
and  cerebral  cortex,  and  of  the  dendrites  which  in  the  spinal 
cord  run  out  in  no  inconsiderable  numbers  into  the  white 
matter  for  some  distance,  and  in  some  animals  (for  example, 
certain  reptiles)  even  to  the  surface,  forming  a  matted  feltwork 
upon  the  exterior  of  the  cord.  Could  any  more  plausible  ex- 
planation be  given  than  that  they,  like  the  roots  of  trees  draw- 
ing juices  from  a  distance,  pass  outward  to  obtain  nutriment 
from  the  blood-vessels  of  the  pia  ? 

That  adendritic  cells  exist,  has  been  adduced  as  an  argument 
against  the  nervous  function  of  the  dendrites  and  in  favol*  of 
their  nutritive  function.  So  obvious  a  fallacy  is  hardly  worthy 
of  consideration. 

Some  histologists,  who  concede  that  many  of  the  dendrites 
have  to  do  with  both  nervous  and  nutritive  activities,  believe 
that  dendrites  may  exist  which  possess  only  one  class  of  these 
functions.  Thus,  von  KoUiker,  while  he  inclines  to  the  view 
that  many  of  the  dendrites  are  concerned  in  conduction,!  is  by 
no  means  willing  to  deny  that  there  are  some  of  them  which  do 
not  play  such  a  part,  but  which  serve  only  to  aid  in  the  nutri- 
tion of  the  cell.     He  emphasizes  the  statement  that  all  the 


*  Sala,  L.  Zur  feineren  Anatomie  des  grossen  Seepferdef  usses.  Ztscbr.  f. 
wissensch.  Zool.,  MQnch.  u.  Leipz.,  Bd.  Hi,  Taf.  v,  Fig.  6. 

f  "  Fassen  wir  alles  zusamraen,  so  scheint,  wie  die  Sachen  jetzt  liegen, 
die  Wagschale  doch  in  hohem  Grade  zu  Ounsten  der  nervcVsen  Natur  der 
Dendhten  sich  zu  neigen."    Handbuch  der  Gewebelehre,  Bd.  ii,  S.  113. 
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physiological  functions  of  the  spinal  cord  can  be  entirely  sati^ 
factorily  explained  without  calling  in  the  aid  of  the  deD> 
drites.* 

There  is  some  force  in  the  objection  that  there  are  den- 
drites so  situated  in  the  nervous  system  that  they  apparently 
can  not  come  into  conduction-relation  with  structures  belong- 
ing to  other  neurones.  Many  of  the  examples  which  have  been 
brought  forward  to  illustrate  this  point  have  not,  however,  stood 
the  test  of  investigation.  Thus,  Ramon  y  Cajal  and  C.  L.  Sak 
have  demonstrated  in  batrachians  collaterals  from  the  fibres  of 
the  white  funiculi  in  the  spinal  cord  which  run  out  toward  the 
periphery  and  even  to  the  surface  of  the  spinal  cord  to  mingle 
with  the  plexus  of  dendrites  in  that  situation.  In  the  olfactory 
bulb,  however,  and  in  Ammon's  horn  and  the  fascia  dentata, 
there  are  dendrites  which  appear  to  have  no  direct  relations 
to  the  terminals  of  collaterals  or  axones  of  other  neurones.  At 
any  rate,  such  relations  have  not  yet  been  proved.  Even  von 
Lenhossek,  who  along  with  van  Oehuchten  and  Ramon  y  Cajal 
is  one  of  the  strongest  supporters  of  the  view  that  many  of 
the  dendrites  are  conductors,  grants  f  that  to  assert  that  the 
disposition  of  the  dendrites  in  the  nerve  centres  depends  en- 
tirely upon  the  establishment  of  functional  relations  among 
different  neurones  is  going  too  far.  He  argues  that  if  this  were 
the  sole  determining  factor  the  organism  could  have  gotten 
along  with  much  simpler  arrangements  than  those  to  be  met 
with  in  many  parts  of  the  central  nervous  system — ^for  exam- 
ple, in  the  molecular  layer  of  the  cerebellar  cortex.  He  would 
rather  assume  that  the  excitations  occurring  within  nerve 
cells  are  in  some  way  favored  by  the  fact  that  the  proto- 
plasm of  the  cell  is  split  up  into  a  number  of  fine  processes— 
the  dendrites. 

Let  us  turn  now  to  the  data  which  favor  the  assumption 
that  the  dendrites  are  concerned  in  nerve  function  as  well  as  in 
aiding  in  caring  for  the  nutrition  of  the  neurone.  The  most 
convincing  evidence  of  nerve  fimction  in  dendrites  is  that 
offered  by  the  structure  of  those  curious  bodies,  the  olfactory 
glomeruli.      The   view  advanced    by   Owsiannikow^   and  hj 

•  Op,  ciU  S.  126.  t  Op.  cit,  S.  142. 

X  Owsiannikow,  P.  Ueber  die  feinere  Structur  der  Lobi  olfactorii  d«r 
Sftugcthiere.  Arch.  f.  A nat.,  Physiol,  u.  wissensch.  Med.,  Leipz.  (1860),  S. 
469-477. 
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Walter,*  that  the  fibres  of  the  olfactory  nerve  on  entering  the 
bulb  from  the  regio  olfactoria  become  directly  continuous  with 
the  processes  of  the  large  and  small  nerve  cells  of  the  gray 
matter  of  the  olfactory  lobe,  was  sharply  contested  by  Golgi,f 
who  asserted  that  between  the  fine  fibrils  into  which  the  olfac- 
tory nerve  fibres  break  up  on  entering  the  glomeruli  and  the 
beginnings  of  the  protoplasmic  processes  of  the  cells  of  the  gray 
matter  no  union  can  be  demonstrated ;  nay,  since  sometimes  the 
protoplasmic  processes  stain  when  the  axis-cylinder  processes 
fail  to  take  the  dye,  and  vice  versa^  probably  a  chemical  differ- 
ence between  the  two  sets  of  fibrils  exists. 

Ramon  y  Cajal,J  from  a  careful  study  of  the  glomeruli  with 
the  osmo-bichromate  method,  came  to  the  conclusion  that  the 
only  possible  path  for  the  olfactory  nerve  impulses  is  from  the 
terminals  of  the  olfactory  fibres  in  the  glomeruli  to  the  den- 
drites of  the  mitral  cells,  and  along  these  to  the  cells  whence 
they  follow  their  axones  into  the  olfactory  tract  (Fig.  157).* 
These  observations  and  views  were  confirmed  in  a  large  number 
of  animals  by  van  Gehuchten  and  Martin, ||  as  well  as  by  von 
Kolliker.-^  The  last  states  emphatically  (1)  that  the  dendrites 
can  assume  the  conduction  of  nerve  impulses  and  (2)  that  the 
transference  of  nerve  impulses  from  one  neurone  to  another 
can  take  place  directly  from  fibre  to  fibre,  a  direct  influence 
of  cell  body  upon  fibres  or  of  fibres  upon  cell  bodies  not  being 
essential. 

The  existence  of  anatomical  relations  which  render  neces- 
sary the  assumption  of  a  conducting. capacity  for  the  dendrites 
has  been  further  demonstrated  in  the   cerebellar  cortex  by 


•  Walter,  G.  Ueber  den  feineren  Bau  des  Bulbus  olfactorius.  Arch.  f. 
path.  Anat.,  etc.,  Berl.,  Bd.  xxii  (1861),  S.  241-259. 

t  Golgi,  C.  Sulla  fina  struttura  del  bulbi  olfattorii.  Riv.  sper.  di  freni- 
at.,  Reggio-Emilia  (1875),  vol.  i,  pp.  405-425. 

X  Ram6n  y  Cajal,  S.  Origan  y  terminacion  de  las  fibras  nerviosas  olfac- 
torias.  Gac.  san.  de  Barcel.,  vol.  iii,  1890 ;  also  El  encefalo  de  los  reptiles 
Barcelona,  1891. 

•  Golgi's  observation  of  fine  axones  entering  the  olfactory  glomeruli, 
other  than  those  of  the  nervi  olfactorii,  has  not,  so  far  as  I  know,  been  con- 
firmed by  others. 

I  van  Gehuchten,  A.,  et  Martin,  J.  Le  bulbe  olfactif  chcz  quelques 
maminiferes.    La  cellule,  Louvain,  t.  vii,  fasc.  2,  pp.  205-237. 

^  von  K511iker,  A.  Ueber  den  feineren  Bau  des  Bulbus  olfactorius. 
Sitzungsb.  d.  phys.-med.  Gesellsch.  zu  WUrzb.,  Jahrg.  (1892),  No.  1,  S.  1-5. 
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Ramon  j  Cajal;*  in  the  optic  lobe  of  birds  (Fig.  156)  by  van 
(.iehuchten;!  in  the  distribution  of  the  axonea  of  the  mltrJ 


■■lutvm,  -.  HiipportinK  rell ;  b,  puripheral  olfni't.,.}  »•.-•>■ -'i-.- .  «.  •■  i-uruauua 
<if  XII  oiraclory  nnrvu  fibre  in  th«  sloniomliis  iif  tlic  ulfuctiiry  Inilh  ;  d.  >amn 
lUTve  tcl! ;  e,  mitral  cell ;  A.  Ho-callpd  "  inaiiule  "  ;  g.  lanM-  Mtellalo  i*ll  with 
xhiirt  aiunc  (/)  terminAtinK  in  the  niolcviilar  layer;  j.  arliorixBtiiiu  nt  fiUm 
ufcvntisl  origin.     (After  Kanutn  y  Ujal,  | 

cells  of  the  olfactory  lobo  by  Calleja ;  J  and  in  the  retina  by 
Dogiel,"  There  can,  therefore,  be  no  doubt  that  certain  of  the 
dendrites  are  capable  at  least  of  receiving  excitations  and  of 
playing  a  part  in  their  furtbt-r  propagation.  Kumon  y  Cajal, 
van  Gehnehten,  Retzius,  and  von  Lenhossek  have  therefore  en- 
deavored to  extend  the  view  so  as  to  make  it  hold  in  general 
for  all  dendrites,  and  have  assumed  that  the  most  common  mode 


*  Kam6n  j  Q^al.  S.  SigDiflcncifin  fisiologica  do  Ias  eipsinsiones  pruUv 
plasm&ticos  j  nen'oaiiL'^  de  las  ci^lulaa  de  la  Bustancia  gris.  Rer.  de  cicn. 
incld.  de  Barcel.  (1891),  Alio  iTii,  p.  673, 

f  van  Gchuchten,  A.  T^a  structure  des  lobcB  oplitjues  chez  I'einbryon  de 
poulet.     Cellule,  Lierro  et  Louvain,  t.  viii  (1892).  fasc.  i,  pp.  1-48. 

t  Calleja,  C.     La  n'gion  oifactoria  dql  eerebro,  Madrid,  18&,1. 

■  Dogiel,  A.  S.  Ein  besonderer  Typua  von  Nervenrellen  in  der  raittlfno 
gangliOsen  Schicht  der  Vo^l-Betin».  Aoat.  Anz..  Jena,  Bd.  x  (1S05).  Ko.  ^ 
S.  750-760. 
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of  transference  of  a  nerve  excitation  from  one  neurone  to  a 
second. is  by  means  of  the  contact  of  the  terminals  of  an  axone 
of  the  former  with  the  dendrites  of  the  latter,  a  conclusion 
which  would  seem  to  be  scarcely  warranted  by  the  facts  at  prea- 


Fio.  158. — Section  throngh  the  optic  lobe  of  the  embryo  chick.  (After  A.  van 
Gt^huchten.  Cellule,  Lierre  et  Louvain,  t.  viii,  1892,  PI.  i,  Fig.  1.)  In  the 
external  layer  A  are  represented  the  temiinals  of  the  fibres  of  retinal  origin  ; 
in  the  layer  B  are  shown  seyeral  nerve  cells  of  the  middle  zcme  of  the  optic 
lobe ;  /r,  zcme  of  peripheral  nerve  fibres ;  a  and  b,  superficial  arborizations ; 
c  and  d,  deep  arborizations ;  e,  rectangular  arborizations ;  /,  cuboidal  arbori- 
zations. The  nerve  cells  show  internal  dendrites  manifoldly  branched,  and 
a  large  peripheral  dendrite  which  terminates  at  different  levels  in  the  outer 
layer,  sometimes  (k)  by  a  horizontal  arborization  at  the  level  of  the  deep 
retinal  arborization.  The  axonc  arises  from  the  peripheral  dendrite  and 
runs  through  the  middle  layer,  giving  off  numerous  collaterals,  i. 


ent  established.     That  it  is  one  method  of  transference  is  cer- 
tain ;  but  that  there  are  others,  for  example,  through  direct 


\1 


204  THE  NERVOUS  SYSTEM. 

contact  or  concrescence  of  axone  terminals  ¥rith  the  protoplasm 
of  the  cell  body,  all  grant. 

It  may  be  worth  while  to  point  out  just  here  a  certain  fallacy  of 
generalization  to  which,  curiously  enough,  attention  appears  not  to 
have  been  called.  Evidence  has  been  adduced  which  demonstrates 
indubitably  that  in  certain  parts  of  the  nervous  system  the 
anatomical  relations  are  such  that  a  conducting  function  for  the 
dendrites  must  be  admitted.  This  proof  was  brought  forward  ^ 
one  of  the  means  of  demonstrating  the  nervous  function  of  the 
dendrites.  But  some  writers  appear  to  take  it  for  granted  as  a 
necessary  sequence  that  dendrites  for  which  no  such  anatomica] 
relations  are  demonstrable  possess  no  nerve  function.  If  this  were 
sound  reasoning,  we  should  have  to  assume  that  the  transference  of 
impulses  from  one  neurone  to  another  made  up  the  sum  total  of  the 
nervous  functions,  an  absurdity  too  obvious  to  need  further  discus- 
sion. We  have  not  the  right  to  draw  our  deductions  from  any  (Hie 
factor  to  the  exclusion  of  all  other  coexisting  influences.  It  is 
surely  easy  to  conceive  of  a  participation  of  the  dendrites  in  the 
nerve  functions  of  the  neurone,  even  if  they  stand  in  no  direct  rela- 
tion either  of  receiving  or  discharging  to  another  neurone  or  set  of 
neurones.  Indeed,  granted  that  one  portion  of  a  single  cell,  as  we 
believe  a  whole  neurone  to  be,  possesses  nerve  function,  the  onus  of 
proof  upon  the  question  of  the  nature  of  another  portion  of  this 
cell — for  example,  the  dendrites — lies  with  those  who  deny  the 
nervous  function,  not  with  those  who  maintain  it. 

Now  that  the  cell  body  of  the  neurone  is  known  to  possess 
nerve  function,  the  fact  that  the  axone  often  conies  off  from  a 
dendrite  instead  of  from  the  cell  body  is  further  evidence  in 
favor  of  the  identity  or  at  least  similarity  of  function  of  cell 
body  and  dendrites.  This  conclusion  would  agree  strikingly 
with  the  morphological  resemblances  revealed  by  the  method  of 
NissL  Further,  if  anaxones  are  to  be  regarded  as  nerve  cells, 
as  seems  almost  certain,  the  dendrites  must  surely  possess  nerre 
function. 

That  the  axones  are  concerned  in  the  nerve  function  of  the 
neurone  has,  so  far  as  I  know,  never  been  questioned.  It  is 
generally  believed  that  in  the  conduction  of  the  exeitatioM 
there  can  be  no  transference  from  one  neurone  to  another 
except  in  those  parts  in  which  the  myelin  sheath  is  not  present 
— that  is,  for  the  majority  of  neurones,  so  far  as  the  axone  is 
concerneil,  only  in  the  region  of  its  terminals  and  possibly  in 
the  short  non-meduUat^  portion  immediately  adjacent  to  the 
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nerve  cell.  This  statement  is  equally  true  of  the  collaterals, 
for,  as  Flechsig  *  has  shown,  these  branches,  at  least  in  the 
cerebral  cortex,  are,  like  the  main  axones,  provided  with 
medullary  sheaths.  We  have  indubitable  evidence,  too,  that 
the  majority,  if  not  all,  of  the  collaterals  of  the  dorsal  root 
fibres  within  the  spinal  cord  are  medullated.  The  side  fibrils 
of  Golgi  are  non-medullated,  and  from  the  studies  of  von  Len- 
hossek,  Apdthy,  Held,  and  Bethe  may  probably  be  important 
agents  in  the  transference  of  impulses  from  neurone  to  neurone. 
The  relation  in  which  the  side  fibrils  stand  to  the  neuropilum 
in  invertebrates  has  already  been  referred  to. 


*  Flechsig,  P.  Ueber  eine  neue  Fftrbungsmethode  des  centralen  Nerven- 
sjstems  und  deren  Ergebnisse  beztlglich  des  Zusammenhanges  yon  Gan- 
^lienzellen  und  Nervenfasern.  Arch.  f.  Aiiat.  u.  Physiol..  Leipz.,  Physiol. 
Abth.  (1889),  S.  537. 


CHAPTER   XXIII. 

ox  THE    DIRECTION   OF  CONDUCTION   IN   THE    NEURONES    AXD 
THE  THEORY   OF  THEIR    DYNAMIC    POLARITY. 

Direction  followed  by  nerve  impalses  in  their  passage  throngh  neurones— 
Cellulipetal  and  cellulifugal  conduction — Theory  of  the  dynamic  polar- 
ity of  the  nerve  elements — Question  of  possibility  of  conduction  in  both 
directions  in  axones  and  dendrites. 

We  have  now  to  deal  with  the  question  of  the  direction 
followed  by  a  nerve  impulse  in  its  passage  through  a  neurone, 
and  have  to  consider  the  evidence  for  and  against  the  view  that 
the  impulses  in  a  given  variety  of  cell  processes  take  always 
the  same  direction.  The  hypothesis  that  in  the  neurone  the 
dendrites  represent  the  apparatus  for  receiving  nerve  impulses, 
conducting  always  in  the  direction  of  the  cell  body  (cellulipetal 
conduction),  the  axones  being  the  discharging  processes  con- 
ducting always  in  a  direction  away  from  the  cell  body  (cellulif- 
ugal conduction),  advanced  first,  I  believe,  by  van  Gehuchten  in 
April,  1891,*  has  been  strongly  advocated  also  by  Ramon  y  Cajalf 
in  an  article  in  which  he  deals  with  "  the  theory  of  the  dynamic 
polarity  of  the  nerve  elements."  Hetzius  J  has  declared  also  in 
favor  of  this  view,  and  it  has  been  adopted,  though  in  a  some- 
what modified  form,  by  von  KoUiker,  Waldeyer,  von  Lenhossek, 
and  others.  In  the  embryological  considerations  of  His  and  of 
Mall  it  met  with  approbation,  since  a  priori  nothing  could  be 
more  natural  than  that  the  processes  developed  upon  the  end  of 
the  cell  originally  directed  toward  the  outside  of   the  body 


*  van  Gehuchten,  A.  La  stnicture  des  centres  nerveux.  La  moelle 
epini^re  et  le  cervelet.    Cellule,  Lierre  et  Louvain,  t.  vii  (1891),  p.  101. 

t  RAraon  y  Cajal,  S.  Significaci6n  fisiol6gica  de  las  expansiones  pro- 
toplasmaticas  y  nerviosas  de  las  c^lulas  de  la  snstancia  gris.  R«t.  de  cin. 
m6d.  de  Barcel.,  vol.  xvii  (1891),  p.  673. 

X  Retzius.  Ueber  die  neueren  Prinzipien  in  der  Lehre  von  der  Ein- 
richtung  des  sensiblen  Nervensystems.  Biol.  Unt«rsuch..  Stockholm,  n.  F., 
Bd.  iv,  1892. 
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should  serve  for  the  reception  of  stimuli.*  The  actual  proof  of 
cellulipetal  conduction  in  dendrites  is  established  by  the  obser- 
vations previously  mentioned,  which  demonstrate  their  con- 
ducting capacity ;  above  all,  by  those  bearing  upon  the  structure 
of  the  mitral  cells  and  the  relation  of  their  dendrites  to  the 
olfactory  glomeruli.  The  galvanometric  experiments  of  Mis- 
lawsky  f  have  led  him  to  support  the  doctrine  of  cellulipetal 
conduction  in  dendrites. 

That  the  axones,  at  least  when  engaged  in  those  of  their 
functions  with  which  we  are  acquainted,  conduct,  as  a  rule, 
cellulifugally  is  immediately  apparent.     Among  other  examples 
we   have  the  passage  of  impulses  along  the  pyramidal  tracts  or 
along  the  motor  nerves  from  the  ventral  horns  to  the  muscles, 
or,  again,  in  the  dorsal  funiculi  of  the  spinal  cord  or  in  the 
optic  nerve.     From  the  nature  of  things  in  motor  neurones 
the  cellulifugal  impulses  passing  along  the  axones  are  also  cen- 
trifugal impulses;  while  in  the  sensory  neurones  within  the 
central  nervous  system  the  cellulifugal  impulses  in  the  axones 
are,  as  a  rule,  centripetal.     This  is  not,  however,  tantamount 
to   saying  that  centripetal  impulses  are    always  descending, 
and  that  centripetal  impulses  are  always  ascending,  although 
this  holds  as  a  general  rule.     An  example  of  an  exception  is  to 
be  found  in  the  descending  limb  of  the  Y-shaped  divided  dorsal 
root  fibre  which  passes  downward  to  terminate  in  the  gray 
matter  of  a  lower  level  and  is  undoubtedly  a  centripetal  fibre. 
Are  there  exceptions  to  the  law  of  cellulipetal  conduction 
in  dendrites  and  of  cellulifugal  conduction  in  axones?    This 
question,  according  to  our  present  knowledge,  must  be  answered 
ill  the  aflSrmative.     In  those  dendrites  from  which  occasionally 
an  axone  takes  its  origin  it  is  obvious  that  the  conduction  in 
the  portion  of  the  dendrites  between  the  general  cell  body  and 
the  axone  hillock  must  be  cellulifugal,  not  cellulipetal,  a  diffi- 
culty of  nomenclature  which  can  be  obviated  by  adopting  the 
suggestion  of  von  Lenhossek,  who  recommends  describing  the 
impulses  in  dendrites  as  being  axopetal  rather  than  cellulipetal. 
But   in  this  way  we  are  thrown  on  the  other  horn  of  the 

*Cf.  Mall,  P.  P.  Histogenesis  of  the  Retina  in  Amblystoina  and 
Nectums.    J.  Morphol.,  Bost.,  vol.  viii  (1803),  pp.  415-432. 

f  Mislawsky,  N.  Sur  le  role  physiologique  des  dendrites.  Compt.  rend, 
Soc.  de  bioL,  Par.  (1895),  10.  s.,  t.  ii,  p.  488. 
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dilemma  when  we  consider  the  direction  of  conduction  in  the 
dendrites  of  an  anaxone — for  example,  in  the  amacrine  cells 
of  the  retina.  Where  there  is  no  axone  it  woald  be  absurd  to 
speak  of  axopetal  impulses.  The  argument  that  there  m 
dendrites  which  stand  in  no  relation  with  processes  of  other 
neunmes  which  would  permit  of  any  transference  of  impoldes 
makes  against  the  doctrine  of  the  unirersal  eellolipetal  cod- 
duction  of  dendrites.  Further,  if  there  is  ever  a  transference 
of  impulses  from  one  neurone  to  another  by  means  of  the  inter- 
woven denvlrites  of  two  neurones,  a  view  which  von  Bechterew 
str\>nNrly  supports;,  it  is  obvious  that  with  a  given  impulse  the 
dirvi'tiou  v>f  the  ^vnduction  in  one  of  the  sets  of  dendrites  must 
be  cellulifugal  and  axofug^il.  Von  Bechterew,  in  corroboration 
of  his  hy^H>thet>is^  des*-'ribes  the  intimAte  relations  of  certain 
deiulrite<>  v>l  the  two  halves  of  the  ct>nl  in  the  ventral  commit- 
sure-,,  and  of  chose  of  the  aniixone*  in  the  olfactorr  lobe  with 
ths.)c>e  of  the  mitntl  cvILs;  further^  he  adduces  as  instances  the 
deudrtcetv  in.  the  molecttlur  Liyer  of  the  cerebral  cortex,  and  es- 
|»ev*iakLly  tb^*t>e  of  the  nuclear  Liyer  of  the  cere belloni-  Interest- 
ing ife^  the  hypothetiL>  is^  then*  bs.  as  yet.  no  proof  of  its  truth. 

Xeairly  all  writers  have  agreed  that  in  vertebrates  in  the 
typical  ttiouiixouesj  the  conduct  ion  along  the  axones  is  ceUolif- 
u^id.  lu  the  diajLo cieijv  however^  the  same  mle  need  not  hold. 
If  we  Wk  upon  the  ^Luiil  gtuigiiou  celLi  aa  di&sones^  then,  ob> 
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Kio.  low.    S^tituiki    •»r»l   '(  wupiii'ixti-s      Artrr  Bctziti:^      it,  natKfr  anide  of  spaal 

\iou.\J\,  ihti  du'KKiion  ot*  I  he  '-'oiuiucciun  of  tihe  ^nfioiy  impale 
ni  I  ho  jX'njKKrHi  ;i.\uue  its  '•i*ilujipt*cui ;  in  the  central  axone, 
vvlluUtugal.  rho5>e  \%iio  hikv^*  «.'»»mmir:e«L  thennselves  to  tht 
vkKirnio  i.*t  ujiiVtTSiil  •JviluufuL:?u  oonductiim  in  axones  hive 
diMuid  ihiit  the  ;t.\is  cvliiuitr  .it'  ihe  penphenti  senzaory  nerw 
iiUi\\\  lii  i'vuHn   kii  ii\Kiiu\  JksiaximiUii  X  to  be  rather  dendritic  in 
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nature.*  The  fact,  too,  that  the  axis  cylinder  of  the  peripheral 
fibre  is,  as  a  rule,  of  thicker  calibre  than  that  of  the  central 
fibre  has  been  thought  to  favor  the  view  that  it  is  a  protoplasmic 
process ;  but,  as  has  been  stated,  this  would  appear  to  be  entirely 
referable  to  the  differences  in  distance  between  the  cell  body 
And  the  end  of  the  axis  cylinder,  since  for  the  ordinary  ganglion 


T'la.  100.— Spinal  cord  of  ainphioxus.  (After  Ri^tzius.)  mi,  median  line;  aJfc, 
outer  angle  of  spinal  cord  ;  «,  sensory  root.  A  rather  large  multipolar  cell  w 
shown,  the  axone  of  which  enters  into  a  sensory  root. 

the  peripheral  fibre  is,  as  a  rule,  longer  than  the  central ;  for  the 
cochlear  and  vestibular  ganglia  the  peripheral  fibre  is  the  shorter, 
and  here  the  process  passing  to  the  periphery  is  of  smaller 
calibre  than  that  of  the  central  fibre.  I  take  it  that  we  must 
acknowledge  that,  though  embryologically  a  dendrite,  the  periph- 
eral sensory  fibre  in  the  adult  is  histologically  an  axone,  and 
the  passage  of  impulses  from  the  periphery  to  the  centres  must 
be  granted  as  an  example  of  cellulipetal  conduction  in  an  axone. 
In  amphioxus,  an  animal  which  possesses  no  spinal  ganglia, 
Retzius  t  has  shown  that  the  sensory  impulses  are  received  by 
the  telodendrions  of  axones  and  conveyed  along  axones  cellulip- 
etally  to  the  nerve  centres,  a  form  of  sensory  apparatus  very 
commonly  met  with  in  invertebrates.  In  amphioxus  two  varie- 
ties of  cells  send  axones  into  the  sensory  roots,  bipolar  cells 
(Fig.  159,  n  z')  and  multipolar  cells  (Fig.  160)  (Smirnow,  Ret- 
zius, von  Lenhoss6k). 

*  The  suggestion  that  the  peripheral  sensory  fibre  is  a  dendrite  was,  I 
believe ,  first  made  by  Ram6n  y  Cajal,  in  1889,  in  an  article  entitled  Con- 
nexion general  de  los  elementos  neryiosos,  which  appeared  in  La  medicina 
pr^tica,  Madrid,  in  October  of  that  year. 

t  Retzius,  G.  Zur  Kenntniss  des  centralen  Nervensystems  von  Amphi- 
oxus lanceolatus.    Biol.  Untersuch.,  Stockholm,  n.  F.,  Bd.  ii  (1891),  p.  29. 
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The  fact  that  the  optic  nerve  contains  axones  whose  celk  of 
origin  are  situated  not  in  the  retina  but  in  the  brain  (corpora 
quadrigemina)  is  not,  as  some  think,  proof  of  cellulipetal  con* 
duction  in  axoues.  I  can  see  no  reason  for  not  believing  that 
centrifugal  impulses  pass  from  the  brain  to  the  retina.  Indeed, 
now  that  we  know  what  an  enormous  number  of  neurones  are 
situated  within  the  retina,  it  would  be  surprising  were  its  ele- 
ments not  in  some  way  under  the  control  of  a  governing  centre 
in  the  central  nervous  system ;  and  a  priori  the  centre  most 
likely  to  possess  the  power  would  be  one  of  the  three  which  fiwt 
receive  the  centripetal  impulses  from  the  retina,  namely,  that 
which  we  know  to  be  also  the  local  seat  of  government  for  the 
movements  of  the  eye  muscles — the  superior  coUiculi  of  the 
corpora  quadrigemina.  That  these  centrifugal  fibres  of  the  optic 
nerve  represent  the  apparatus  concerned  in  the  objectivization 
of  received  sensations — i.  c,  in  their  projection  outward — ^an 
idea  suggested  by  von  Bechterew,  does  not  seem  to  me  to  be 
probable. 

The  arguments  for  cellulifugal  conduction  in  axones  hold 
also  for  their  medullated  collaterals.  The  hypothesis  has  been 
put  forward  by  von  Lenhoss6k  *  that  Golgi's  distinction  be- 
tween non-medullated  side  fibrils  and  true  medullated  collaterals 
is  of  definite  physiological  significance.  He  thinks  it  veiy 
probable  that  the  side  fibrils  act  as  axopetal  conductors,  the 
true  collaterals  alone  being  cellulifugal  as  regards  direction  of  . 
conduction.  He  advances  as  examples  the  relations  of  the  side 
fibrils  on  the  axones  of  the  ventral  horn  cells  of  the  cord,  the 
Purkinje  cells  of  the  cerebellum,  and  those  described  by  Bam6D 
y  Cajal  and  van  Gehuchten  on  the  axones  of  the  olfactory 
mitral  cells.  He  would  designate  the  side  fibrils  then  as  aio- 
dendrites  (to  distinguish  them  from  cytodendrites),  and  the 
true  collaterals  as  paraxones.  Von  Lenhoss^k^s  personal  stud- 
ies, particularly  those  dealing  with  the  relations  in  rodents  (Fig. 
161)  of  the  sensory  collaterals  to  the  side  fibrils  given  off  from 
the  axones  of  the  ventral  hoi*n  cells,  are  indeed  strikingly  sug- 
gestive of  the  exercise  by  the  f^ide  fibrils  of  a  receptive  function 
for  impulses.  As  a  result  of  his  own  studies  van  Gehnchtent 
has  opposed  this  theory,  and  I  must  agree  with  von  Kolliker 
that  up  to  the  present  time  a  cellulipetal  conduction  in  the  col- 

*  Op,  ciL,  S.  129-184.  t  Cellule,  t.  xi. 
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laterals  (side  fibrils)  is  no  better  proved  than  is  eellulifugal 
conduction  in  the  dendrites. 

If  the  studies  of  Apathy  and  Bethe  be  confirmed,  and  it  be 
true  that  the  fibrils  demonstrable  by  their  methods  be  especially 
differentiated  for  the  purpose  of  conducting  impulses,  a  partici- 
pation of  all  parts  of  the  neurone  in  the  phenomena  of  conduc- 


Fio.  161. — Portion  of  spinal  cord  of  new-bom  rabbit  stained  by  the  chrome-silver 
method,  a,  fine  plexus  formed  of  Golgi*8  side  fibrils  from  the  axones  of  ven- 
tral horn  cells  at  the  ventral  margin  of  the  ventral  horn ;  6,  commissural 
axonc  with  long  side  fibrils,  c.  (After  M.  von  Lcnhoss^^k,  Der  feinere  Bau 
de«  Nervensystems,  etc.,  II  Aufl.,  1805,  S.  257,  Fig.  38.) 

tion  must  be  granted,  for  these  fibrils  are  limited  to  no  single 
portion  of  the  neurone.  Moreover,  since  the  same  fibril  can 
sometimes  be  followed  running  cellulipetally  in  one  branch  of 
a  dendrite  and  cellulif ugally  in  another  branch  of  the  same  den- 
drite (Bethe),  it  is  obvious  that,  if  the  fibril  conducts,  the  den- 
drites must  carry  both  cellulipetal  and  eellulifugal  impulses. 

A  most  interesting  and  difficult  experiment  performed  by 
Bethe  *  must  here  be  referred  to.  This  investigator,  working 
at  Naples  in  November,  1896,  isolated  the  neuropil  of  the  sec- 
ond antenna  of  Carcinus — in  other  words,  he  removed  the  gan- 
glion cells  of  the  neurones  supplying  the  antenna,  but  left  their 
processes  and  side  branches.    He  proved  that,  even  in  the  ab- 

*  Bethe,  A.  Das  Centralnervensystem  yon  Carcinas  Maenas.  Ein 
anatomisch-physiologischer  Versuch.  I.  Theil,  2.  Mittheilung.  Arch.  f. 
mikr.  Anat.,  Bonn,  Bd.  1,  S.  589-639. 
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sence  of  the  perikaryons  of  the  neurones,  flexion  and  extension 
can  be  reflexly  produced — apparently  an  absolute  demonstra- 
tion that  neurones  can  temporarily  continue  to  function  in  the 
entire  absence  of  their  cell  bodies.  In  a  still  later  article,*  as  a 
result  of  his  studies  of  the  primitive  fibrils  (Apathy),  Bethe  con- 
cludes that  the  explanation  of  his  fundamental  reflex  experiment 
is  to  be  found  in  the  relations  which  the  fibrils  bear  to  the  mech- 
anism.   These  relations  are  illustrated  in  Fig.  102.    When  Bethe 


Fio.  162. — Schematic  drawing  to  illustrate  the  course  of  the  primitive  fibrikof 
the  receptive  and  motor  elements  of  the  second  antenna  of  C^nrinus  Maen^ 
(After  A.  Bethe,  Arch.  f.  mikr.  Anat.,  Bonn,  Bd.  li,  1898,  T^f.  xvii,  Fig.l' 

Bltie — primitive  fibrils  coming  from  the  '*  reception  hairs"  on  the  sar&ce  of  iht 
body  to  the  central  organ.  Red— the  primitive  fibrils  going  to  the  nucleas. 
Bltick — other  fibrils. 

^\  a.  p.,  neuropilum  antennarii  pterins;  iV.  t,  neuropilum  tegnmentani ; 
N.  a.  I.,  neuropilum  antennarii  laterale ;  N.  a.  m.,  neuropilum  antemarii 
mediale  ;  a,  motor  primitive  fibrils  to  flexor  muscles  from  iV.  a.  p.  ;  6,  mod* 
fibrils  from  N.  a.  I.  to  flexors ;  b\  motor  fibrils  from  N.  a,  m.  to  ext«>nsors;  r, 
motor  fibril  from  N.  a.  m.  to  ficxors ;  c\  motor  fibril  from  N.  a.  i.  to  exten- 
sors ;  d  and  di,  fibrils  throwing  antenna  muscles  under  influence  of  .V.  t : 
e,  fibril  connecting  X.  a.  I.  with  A",  a.  p. ;  /,  fibril  throwing^  cell  b«idy  under 
influence  of  neuropil ;  g,  motor  fibrils  extending  from  cell  IxMly  to  mosries. 

removes  all  the  ganglion  cells  from  the  neuropils  of  the  second 
antenna  of  Carcinus  and  separates  them  from  the  whole  of  the 
rest  of  the  nervous  system  by  a  circular  cut  and  section  of  the 


*  Bethe,  A.  Das  Centralnervensjstem  von  Carcinus  Maenas.  Ein  anato- 
misch-physiologischer  Versuoh.  IL  Theil  (8.  Mittheilung).  Arch,  t  wki. 
Anat.,  Bonn,  Bd.  li,  S.  382-452. 
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CBSophageal  commissure,  so  that  the  nerve  of  the  second  antenna 
is  connected  with  end  stations  (neuropilum  antennarii  II  medi- 
ale,  laterale  et  posterius)  entirely  deprived  of  ganglion-cell  con- 
nection, this  second  antenna  still  retains  its  tonus  and  its  reflex 
excitability.  This  proves  that  the  reflex  arch  does  not  (or  at 
least  need  not)  include  the  cell  bodies  of  the  neurones.  Since 
primitive  fibrils  (Apathy)  can  be  followed  directly  from  the 
neuropils  into  the  motor  axones  without  going  through  ganglion 
cells,  Bethe  believes  that  the  reflex  path  goes  by  way  of  the 
centripetal  (receptive  fibres)  to  the  neuropil  and  thence  directly 
(without  passage  through  the  perikaryon  of  the  motor  neurone) 
into  the  centrifugal  motor  fibres.  Thus,  on  the  whole,  Bethe's 
studies  afford  a  strong  and  most  important  confirmation  of  the 
views  of  Ap&thy,  the  main  difference  between  the  conceptions 
of  the  two  observers  lying  in  the  fact  that  whereas  Ap&thy  be- 
lieves that  the  Elementargitter  (neuropil  of  His,  Punktsubstanz 
of  Leydig)  is  "  diffuse,"  Bethe  is  confident  that  this  is  not  so. 
That  the  conceptions  concerning  simple  contact-relation  be- 
tween the  processes  of  the  neurones  previously  held  must  ac- 
cordingly be  modified  there  can  be  no  doubt,  though  that  the 
doctrine  of  the  morphological  and  physiological  independence 
of  the  neurones  is  invalidated  but  few  will  be  willing  to  grant. 
Bethe  himself  retains  the  term  neurone  as  a  designation  for 
all  the  parts  easily  demonstrable  as  standing  in  connection  with 
one  ganglion-cell  body. 

To  epitomize  our  actual  knowledge  then  of  the  direction  of 
the  conduction  of  impulses  in  neurones,  it  may  be  said  that 
axopetal  conduction  has  been  proved  for  the  dendrites  of  many 
neurones,  and  that  cellulifugal  conduction  can  be  asserted  for 
the  majority  of  axones,  although  cellulipetal  conduction  cer- 
tainly occurs  in  some.  Here  our  certain  knowledge  stops,  yet 
the  evidence  for  cellulifugal  conduction  in  many  dendrites  is 
very  strong,  and  it  is  not  lacking  for  cellulipetal  conduction  in 
the  side  fibrils.  Nevertheless,  it  would  seem  very  unwise  at 
present  to  state  positively  that  nerve  impulses  may  not  pass  in 
both  directions  in  all  neurones.  There  is  certainly  no  apparent 
reason  why  they  should  not ;  indeed,  just  as  we  have  peristalsis 
and  antiperistalsis  in  tubes  covered  by  smooth  muscle,  and  just 
as  electrical  currents  may  pass  in  both  directions  along  a  piece 
of  copper  wire,  it  would  not  be  at  all  improbable  in  such  emi- 
nently irritable  structures  as  the  nerve  cells  that  the  stimula- 
19 
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tion  of  either  pole  or  of  the  terminals  of  any  one  of  its  processes 
may  lead  to  alterations  in  the  energy  conditions  of  the  whole 
neurone. 

That  at  present  we  are  well  acquainted  with  the  evidence 
for  the  passage  of  impulses  in  the  neurones  in  one  direction 
only  does  not  exclude  the  possibility  that  we  may  at  some  later 
time  become  cognizant  of  facts  which  may  demonstrate  the 
conduction  of  impulses  of  some  sort  in  the  opposite  direction ; 
especially  as  physiological  experiment  has  shown  that  impulses 
artificially  excited  in  nerve  fibres  travel  in  both  directions  from 
the  point  of  stimulation.     Though  the  researches  of  Gotch  and 
Horsley  *  make  it  appear  that  on  artificial  stimulation  of  a  motor 
nerve,  while  impulses  may  pass  into  the  cell  bodies  of  the  neu- 
rones to  which  these  fibres  belong,  there  is  no  evidence  that 
they  pass  out  of  the  neurones  immediately  affected  into  those 
related  to  them  anatomically.     But  the  question  of  cellalipetal 
and  cellulifugal  conduction  must  be  solved  first  for  single  neu- 
rones before  the  transference  of  impulses  from  neurone  to  neu- 
rone can  be  settled,  and  the  evidence  as  yet  will  not  permit  us 
to  deny  the  passage  of  impulses  in  both  directions.     The  changes 
in  the  cell  body  in  the  neighborhood  of  the  axone  hillock  oc- 
curring after  section  of  the  corresponding  axone  may  not  be 
dependent  entirely  upon  alteration  in  the  character  of  cellolif- 
ugal  processes  in  the  cell,  but  may  be  influenced  in  part  pos- 
sibly by  cellulipetal  influences  coming  from  the  point  of  section. 
In  attempting  to  explain  the  phenomena  of  tetanus,  a  similar 
possibility  should  be  borne  in  mind.     The  impulses  passing  in 
one  diregtiSn.  could  be  of  an  entirely  different  nature  or  qualitj 
from  those  passing  in  the  other.     The  whole  question  must  be 
for  the  present  left  open.    The  danger  of  the  ancient  mode  of 
induction  described  by  Bacon  as  "  inductio  per  enumerationem 
simplicem,  ubi  non  reperitur  instantia  contradictaria,"  is  one 
against  which  the  scientist  must  ever  be  on  his  guard. 


♦  Gotch,  F.,  and  V.  Horsley.  On  the  Mammalian  Nervous  System,  its 
Functions,  and  their  Localization  determined  by  an  Electrical  Method. 
PhiL  Tr.,  1891,  Lond.  (1892),  vol.  clxxxii  (B.),  pp.  267-526. 
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CHAPTER  XXIV. 

THE    RELATIONS    OF    TROPHIC   TO   NERVOUS   FUNCTIONS   IN   THE 

NEURONE. 

The  relations  of  trophic  changes  to  nervous  functions — Influence  of  repose 
and  activity  upon  the  neurones — Studies  of  Hodge  upon  the  histology 
of  fatigue— Studies  of  Vas,  Mann,  Lugaro,  and  others — Investigation  of 
hibernating  animals — Method  of  indirect  electrical  stimulation  of 
neurones. 

We  may  now  perhaps  most  suitably  turn  to  a  brief  consid- 
eration of  the  mutual  relations  and  interdependence  of  the 
trophic  functions  and  those  which  have  to  do  with  the  mani- 
festations of  irritability.  In  this  connection  the  influence  of 
the  repose  and  of  the  activity  of  the  neurones  upon  their 
nutrition  is  of  especial  importance.  Intimately  associated  with 
this  topic  of  repose  and  activity  is  the  question  of  physiologi- 
cal rhythms  so  ably  dealt  with  by  Donaldson.*  Into  a  discus- 
sion of  the  subject  from  this  standpoint  it  is  not  my  purpose 
to  enter,  and  my  remarks  will  be  confined  to  certain  more 
striking  histological  relations.  As  has  been  said  above,  a  priori 
there  is  in  the  neurones,  as  in  everything  that  lives,  no  such 
thing  as  absolute  repose,  since  at  no  time  during  life  is  com- 
plete cessation  of  activity  possible.  Sepose  and  activity  are 
here,  therefore,  merely  relative  terms,  and  are  used  throughout 
in  this  restricted  sense. 

The  pioneer  in  the  investigation  of  the  histology  of  fatigue 
is  undoubtedly  the  American  investigator  Hodge. f 

•  Op,  ciL,  p.  293. 

f  Hodge,  C.  F.  Some  Effects  of  Stimulating  Ganglion  Cells.  Am.  J. 
Psychol.,  Bait.,  vol.  i  (1887-'88),  pp.  479-486 ;  Some  Effects  of  Electrically 
Stimulating  Ganglion  Cells.  Am.  J.  Psychol..  Bait.,  vol.  ii  (1888-'89),  pp. 
376-402 ;  The  Process  of  Recovery  from  the  Fatigue  occasioned  by  the  Elec- 
trical Stimulation  of  Cells  of  the  Spinal  Ganglia.  Am.  J.  Psychol.,  Worces- 
ter, vol.  iii  (1890),  pp.  530-548 ;  A  Microscopical  Study  of  Changes  due  to 
Functional  Activity  in  Nerve  Cells.    J.  MorphoL,  Bost.,  vol.  vii  (1892-98), 
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In  a  serieB  of  brilliant  experimental  researcheB  he  hae  es- 
tablished the  existence  of  definite  morphological  alterations  in 
the  cell  bodies  of  neurones  accompanying  the  excessive  ei- 
ercise  of  their  physiological  function.  He  found  that  pro- 
longed faradic  etimulation  of  a  peripheral  sensory  neire  in 
the  cat  led  to  distinct  alterations  in  the  cells  of  the  corre- 
sponding spinal  ganglion  {Figs.  1G3, 104),  and  later  he  was  able 
to  demonstrate  similar  changes  in  the  nerve  cells  of  aninuli 
after  a  long  day's  exercise  (English  sparrows,  swallows,  pigrons 
[Figs.  165, 166],  and  honey-bees).     On  comparison  of  the  aim- 


Fio  ta3 —Section  thn  ugh  e 
0«nic  iM  id 

fatigued  cells  (in  case  of  faradic  stimnlation,  the  cells  of  tk 
spinal  ganglia  on  the  side  not  stimulated  in  the  other  in- 
stances, the  cells  of  animals  captured  in  the  morning)  with 
pp.  niJ-ieS;  Die  Nerrenzellc  bei  der  Ooburt  un<l  beim  Tode  an  AltM- 
Bchwfiehe.  Atiat.  Anz..  Jena,  Bil.  ix  (1894),  S.  706-710;  Chanp*  in  G«Dgli« 
Cells  [rom  Birth  to  Senile  Death ;  Observations  on  Man  and  Honet-B«- 
J.  Phjsiol.,  Cambridge,  vol.  xvii  (1894),  pp.  130-134 :  A  Microscopiol  Scintl 
ot  the  Nerve  Cell  during  Electrical  Stimulation.  J.  Morphol.,  BosU  tt^-  n 
(1894),  pp.  449-463. 
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those  artificially  or  normally  fatigued,  Hodge  found  alterations 
in  the  latter  both  in  the  protoplasm  and  in  the  nucleus.    The 


Fra.  IM. — Scctjun  thTOUKh  Kanxlion  on  iturml  root  of 
after  intemiittent  elettrieal  stiniuliition  during 
(After  U<id(^.  t  The  nuvtei  are  darker,  shrunken 
and  the  pmUipUtsm  U  sunu^what  vacuolaU^. 


ngular 


naclei  of  the  tired  cells  were  diminished  in  size ;  they  pre- 
sented zigzag  borders  and  stained  more  intensely  than  did  nor- 
mal nuclei ;  the  protoplasm  vas  often  shrunken,  and  stained 
more  feebly  than  in  the  cells  not  fatigued.  The  alterations  dis- 
appeared within  about  twenty-five  hours  after  cessation  of  the 
electrical  stimulation,*  which  had  lasted  five  hours,  and  in  the 
case  of  the  working  animals  after  a  night's  rest. 

Certain  of  his  experiments  in  which  he  stimulated  living 
sjrmpathetic  cells  where  they  could  he  watched  directly  through 
the  microscope  and  compared  in  appearance  with  others  not 

•  The  objection  has  been  quit*  properlj  raised  by  van  Uehuchten  and  by 
Golilwheider  and  Flaran  that  the  results  obtaineil  from  electrical  stimula- 
tion can  Bcarcetj  be  looked  npon  aa  equivalent  to  those  dependent  upon 
normal  fatigne.  Electricity  can  not  of  course  be  regarded  as  an  "  adequate" 
stimuliu. 


278 


THE  NERVOUS  SYSTEM. 


stimulated,  are  most  conyincing.     Drawings  at  intervals  show 
very  clearly  the  gradual  alterations  which  occur. 


% 


■j^' 


Fio.  165. 


Fio.  166. 


Fio.  165.— Omera-lufida  drawing  of  occipital  cortex  of  pigeon  killed  at  5.30  a.m., 
to  show  ivsted  nerve  cells.  Corrosive  sublimate  for  four  hours ;  Gaule^s  stain- 
ing.    { After  Hodge. ) 

Fig.  166. — Oimera-lucida  drawing  of  cortex  of  pigeon  killed  at  7.30  p.m.,  to  shoir 
changes  in  cells  indicating  normal  daily  fatigue.     ( After  Hodge.  > 

Experiments  along  similar  lines  have  been  made  by  Vas 
(Fig.  167),*  Lambert,!  Mann  (Fig.  168),t  recently  by  Lugaro,* 
Pugnat,  I  and  by  Eve.^     Mann  and  Vas,  while  essentially  con- 


*  Vas,  F.  Stadien  Uber  den  Ban  des  Chromatins  in  der  sympathischen 
Ganglienzelle.    Arch.  f.  mikr.  Anat.,  Bonn,  Bd.  xl  (1892),  S.  375-589. 

f  Lambert,  M.  Note  sur  les  modifications  produites  par  Texcitation  elec- 
trique  dans  les  cellules  nerveuses  des  ganglions  sympathiques.  Compt.  rend. 
Soc.  de  bioL,  Par.,  9.  s.,  t.  v  (1893).  pp.  879-881.  " 

t  Mann,  6.  Histological  Changes  induced  in  Sympathetic,  Motor  and 
Sensory  Nerve  Cells  by  Functional  Activity.  J.  Anat  and  PhysioL,  Load., 
vol.  xxix  (1895),  p.  100. 

*  Lugaro,  K  Sur  les  modifications  des  cellules  nerveuses  dans  les  divers 
etats  fonctionnels.  Arch.  ital.  de  biol.,  Turin,  t.  xxiv  (1895-*96),  pp  25^ 
381 ;  also  Sperimentale,  Sez.  bioL,  Firenze,  An.  xlix  (1895),  pp.  159-193. 

I  Pugnat,  C.  A.  Sur  les  modifications  histologiques  des  cellules  nerveoses 
dans  Tetat  de  fatigue.  Compt.  rend.  Acad,  d,  sc..  Par.,  t.  exxx  (1897\,  pp^ 
736-738. 

^  Eve,  F.  C.  Sympathetic  Nerve  Cells  and  their  Basophile  Coustitueot 
in  Prolonged  Activity  and  Repose.  J.  Physiol.,  Cambridge,  voL  xx  (189S)l 
pp.  834-853. 
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flrmiDg  the  researches  of  Hodge,  have  deacribed  &n  enlargement 
of  both  cell  body  and  nucleus  after  brief  stimulation ;  other 
authors  {Swierczowaky  and  Tomaa)  have  noticed  active  move- 
ments of  the  nucleoli  during  excitation,  and  Magini  baa  described 
a  displacement  of  these  structures  in  a  direction  toward  the 
axone  hillock.  Lugaro,  who  thinks  that  insuflit^ieut  attention 
has  been  paid  to  the  distinction  between  signs  of  cellular  activity 
and  those  of  fatigue,  has  made  an  exhaustive  aeries  of  experi- 
ments from  which  he  concludes  that  the  activity  of  nerve  cells 
is  accompanied  by  a  state  of  turgescence  in  the  protoplasm  of 
the  cell  body ;  fatigue,  on  the  other  hand,  producing  progressive 
diminution  in  the  size  of  the  cell  body.  He  finds  that  with 
moderate  degrees  of  activity,  which  correspond  to  swelling  of 
the  cell  body,  the  nucleus  undergoes  no  alterations  in  size ;  but 
if  the  activity  is  prolonged  to  fatigue  it  slowly  becomes  smaller. 
The  stainable  substance  of  Nisei,  Lugaro  believes,  undergoes  a 
slow  increase  in  amount  in  the  earlier  phases  of  activity,  while 
later,  when  the  cell  becomes  fatigued,  it  is  diminished  and  is 
more  diffusely  distributed  throughout  the  cell  body. 


Fiu.  1ST. — Sections  through  the  Bup«rinr  rprvlcAl  f»ngl<oit  of  the  rabbit  Htained 
hy  NIsHra  method.  (Aftor  Van.l  •  1,000  diamtleni.  a.  motion  through  nor- 
mal ffanglinn  ;  b,  tm-tiuu  tliruUKh  RUnglion  HfU^r  Htimulation  of  sympaithctk- 
tmnk  fur  Hftevn  minutoi  with  faradic  current. 


Eve  could  find  as  the  only  change  resulting  from  protracted 
activity  the  occurrence  of  a  slight  diffuse  blue  stain  in  the  cell 
substance  (Xissl's  method).  His  idea  that  this  is  due  to  forma- 
tion of  acid  by  the  cell  with  consequent  slight  solution  and 
diffusion  of  the  material  which  stains  blue  will,  considering 
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what  is  now  known  of  the  Nisd  bodiea,  doubtless  meet  with 
opposition. 

Studies  of  the  nervous  ayBtem  of  hibernating  animals  have 
been  nntiertaken  by  Jacobsohn.*  He  found,  however,  no  dis- 
cernible alteration  in  the  motor  cells  of  the  ventral  homs. 


t-. & 


).  IflS. — Two  motor  c«I1h  t>oiu  lumhar  n-Kion  or  xpiDsl  i.'ord 
HUblimub!  and  HtAined  in  (oluidin  blue,  a,  fVum  the  frtKli  t 
vIeuH;  3.  lUrkNimUpindles:  3.  bundlmofnprvb  ShriU.  b.Tr 
dog:  4,  dark  shrivtli-d  DucleuH;  5,  pHle  Bpindlui.     'After  Mu 


im  thr  bLti»* 


The  influence  of  prolonged  illumination  upon  the  retini 
has  been  studied  by  Pergens.f 

A  very  ingenious  suggestion  in  order  to  do  away  with  diitcl 
traumatic  influence  or  direct  physical  or  chemical  influence  br 
an  electric  current  upon  the  neurone  has  been  made  by  Gold- 
scheider  and  Flatau.J     They  suggest  that  one  stimulate  tfae 

*  Jacobsohn,  L.  Ueber  das  Aussehen  der  motorisf  hen  Zellen  im  Vardii' 
horn  dee  RQckenmarks  nach  Ruhe  urid  Hun^r.  Neurol.  Cenlralbl„  haf- 
Bd.  ivi  (1897),  S.  646-648. 

f  Pergens,  B.  Action  de  la  lumi^re  Bnr  la  ratine.  Ann.  soc.  mj,  d-K 
m6d.  et  nat.  de  Brui.,  t.  v  (1B96),  pp.  389-431. 

}  Ooldscheidpr.  A.,  und  E.  Flatau.  Normale  und  pBtbolog:isch«  .^i»- 
toinie  der  Nervenzetlen  auf  Grand  der  ueueren  Forscbuugeu.    Berlio  (IS^ 

ass. 
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motor  region  of  the  cerebral  cortex  and  then  examine  the  cell 
bodies  of  the  corresponding  lower  motor  neurones  (ventral  horn 
cells).  In  the  same  way  the  lower  motor  neurones  could  be  in- 
directly stimulated  by  way  of  the  peripheral  sensory  neurones 
(spinal  ganglion  cells,  dorsal  roots  of  spinal  nerves),  after  which 
the  morphological  appearances  of  the  ventral  horn  cells  could 
be  compared  with  the  normal.  In  such  an  event,  as  they  em- 
phasize, it  would  be  important  not  to  confine  one's  self  to  the 
use  of  Xissl's  method,  which  gives  definite  results  only  with  re- 
^rd  to  the  tigroid  masses,  but  in  addition  other  methods,  like 
those  of  Flemming,  Held,  and  M.  Heidenhain,  which  demon- 
strate more  particularly  the  structure  of  the  ground  substance, 
should  be  employed. 

While  it  is  evident  that  additional  research  is  still  urgently 
sailed  for,  it  will  be  seen  that  enough  has  already  been  done  to 
lupply  us  with  some  direct  microscopic  evidence  for  the  inti- 
nate  relations  existing  between  the  state  of  nutrition  of  the 
;ell  and  the  manifestation  of  functional  activity.  In  substan- 
tiation of  these  results  there  exists  a  considerable  amount  of 
>athological  and  pharmacological  evidence,  some  examples  of 
vhich  will  be  considered  in  the  following  chapter. 


CHAPTER  XXV. 

ON  THE  HISTOLOGICAL  ALTERATIONS  IN  NEURONES  DUE  TO 
THE  ACTION  OF  POISONS,  AND  A  COMPARISON  OF  THESE 
WITH   THE    EFFECTS   OF  TRAUMATISM. 

Changes  in  the  neurones  in  intoxications  and  infections — ComparisoD  of 
primary  lesions  in  the  cell  bodies  of  neurones  with  those  secondary  to 
lesions  of  axones — Theories  concerning  trophicity. 

We  are  in  possession  now  of  a  large  series  of  studies  hy 
Nissl's  and  other  methods  which  have  been  undertaken  to  in- 
vestigate the  effects  of  poisonous  substances. upon  the  neurones. 
It  would  be  impossible  to  even  refer  to  all  of  these,  but  a  few 
at  least  may  be  mentioned. 

Nissl  *  has  demonstrated  definite  lesions  in  the  large  motor 
cells  of  the  ventral  horns  of  the  rabbit  after  poisoning  with 
strychnine,  veratrin,  alcohol,  phosphorus,  the  toxines  of  tetanns, 
and  trional.  He  has  also  shown  the  alterations  produced 
in  the  Purkinje  cells  and  spinal  ganglion  cells  of  the  rabbit 
after  lead  poisoning,  and  the  changes  in  the  cortical  cells 
after  poisoning  with  alcohol,  morphine,  and  lead.  Xissl  has 
emphasized  the  differences  of  the  alterations  produced  in  the 
same  group  of  cells  by  the  action  of  different  poisons,  and  has 
further  demonstrated  that  the  same  poison  can  lead  to  entirely 
different  results  in  different  types  of  cells  in  the  same  animal. 
He  has  referred  not  only  to  the  changes  in  the  chromatic  and 
achromatic  substance,  but  also  to  the  nuclear  alterations  in 
such  intoxications. 

Nissl  has  investigated  the  nerve  cells  in  acute,  subacute,  and 
chronic  forms  of  poisoning,  since  he  finds  that  the  effects  of 
poisoning  vary  very  much  according  to  the  time  during  which 
the  intoxication  has  been  active.     Especially  interesting  are  the 


♦  Nissl,  F.    Ueber  die  VerSnderungen  der  Nervenzellen  nach  experiracn* 
tell  erzeugter  Vergiftung.    Neurol.  Centralbl.,  Leipz.,  Bd.  xv  (1896),  S.9; 
Allg.  Ztschr.  f.  Psychiat.,  etc.,  Berl.,  Bd.  liv  (1897).  S.  1-107. 
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results  which  he  has  obtained  in  his  so-called  ^^  subacute  maxi- 
mal intoxications,",  in  which  the  animal  under  experiment  re- 
ceives daily  an  amount  of  poison  just  short  of  the  lethal  dose 
until  death  occurs  (after  from  a  few  days  to  several  months). 
The  alterations  in  arsenical  poisoning  are  well  shown  in  Fig. 
169.     The  whole  nerve  cell  is  swollen,  there  is  marked  diminu- 


FiG.  109. — Effects  of  arsenic  upon  the  nerve  cell.  (After  F.  Nissl,  Allg.  Ztachr. 
f.  I*Hychiat..  etc.,  Berl.,  Bfl.  liv.,  1897.)  The  cell  to  the  left  of  the  finfure  is 
normal ;  that  in  the  right  from  an  animal  poiH«>ne<I  hy  arnenic. 

tion  in  the  amount  of  tigroid  substance,  so  that  it  is  often  im- 
possible to  distinguish  the  chromatic  from  the  non-chromatic 
portion  of  the  cell.  Alterations  in  the  nucleus  can  also  be 
made  out. 

In  his  studies  of  phosphorus  poisoning  Nissl  found  very  pro- 
found alterations  in  the  nerve  cell — alterations  which  tend  at 
the  beginning  to  affect  often  one  portion  of  the  cell  in  prefer- 
ence to  others,  although  no  definite  rule  as  to  the  exact  portion 
likely  to  be  affected  in  a  given  instance  could  be  laid  down. 
In  advanced  stages  of  the  poisoning  the  cell  is  remarkably  di- 
minished in  size  and  the  nucleus  smaller  than  normal.  The 
architecture  of  the  cell  becomes  completely  obscured,  the  only 
trace  of  tigroid  remaining  being  a  few  dustlike  particles  and 
irregular  granular  masses.  The  cells  may  even  go  on  to  com- 
plete atrophy,  and  eventually  entirely  disappear  (Fig.  170). 

The  effects  of  veratrin  poisoning  are  somewhat  different. 
Here  and  there  in  the  cell  body  of  the  neurone,  tigroid  masses 
disappear,  leaving  small   cavities    in  the  ground   substance. 
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Whereaa  certain  of  the  tigroid  maases  undergo  this  change, 
others  remain  apparently  entirely  unaffected,  or  are  at  most  bnt 
slightly  altered.     In  prolonged  poisoniag  the  ground  substance 

'.^  -^ 
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AllK.  Ztschr.  f.  iWcliiat.,  tie.,  BitI.,  Bd.  iTv  1897. 1    The  cell  in  the  upiKr 
right-hand  comer  is  ii»riiial ;  nil  the  oilier  cells  Bhow  the  I'flccte  of  phoaphiinii 

puisuuing. 

may  be  involved,  and  the  nucleus  of  the  cell  diminishes  in  uu. 
Many  of  the  cells  present  a  diffuse  staining,  the  limits  of  the 
Niaal  bodies  being  but  very  indistinctly  visible  (Fig.  171), 

For  Niaal's  findings  in  poisoning  by  silver,  strychnine,  mor- 
phine, tetanus,  lead,  and  alcohol,  the  original  publications  of 
that  author  may  be  consulted. 

Inasmuch  as  different  poisons  act  upon  the  same  variety  of 
cell  in  a  different  way,  and  as  the  same  poison  can  inflaeoce 
different  types  of  cells  in  different  ways,  Nissl  believes  that  w 
are  thus  afforded  a  new  and  important  means  of  analyzing  the 
functional  activities  of  the  different  groups  of  cells  inside  tbe 
central  nervous  system.  By  administering  elective  poisons  and 
comparing  the  clinical  and  psychological  manifestations  dnrin; 
life  with  the  alterations  in  the  cells  after  death,  it  may  be  pos- 
sible to  establish  the  function  of  the  individual  cell  varietiM 
and  along  with  these  the  function  of  the  various  localities  in 
which  they  are  situated. 
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These  views  of  Nissl  are  supported  in  the  main  by  Lugaro, 
who  has  studied  the  alterations  in  the  nerve  cells  after  lead 
and  arsenic  poisoning.*  It  is  Lugaro^s  idea  that  the  chromatic 
portion  of  the  cell  (Fig.  172)  is  the  first  to  be  affected  by 
poisons,  and  that  the  alterations  of  the  achromatic  substance 
follow  with  a  rapidity  which  depends  upon  the  kind  of  poison 
and  the  type  of  cell  concerned.  Alterations  of  the  chromatic 
part  are  reparable,  but  he  doubts  if  this  be  true  for  the  achro- 
matic portion.  The  alterations  in  the  periphery  of  the  cell 
come  on  earliest ;  changes  in  the  nucleus  occur  last,  when  the 
resistance  of  the  cell  has  been  exhausted.  Changes  in  the  den- 
drites he  thinks  succeed  those  in  the  cell  body,  a  point  of  view 
in  opposition  to  the  position  taken  by  Monti  and  Berkley.  The 
changes  in  the  spinal  ganglion  cells  in  arsenic  intoxications, 
described  by  Lugaro,  are  pictured  in  Fig.  172. 


.*' 


\f 


Fig.  171.— The  effects  of  veratrin  poisoning  upon  the  neurones.  (After  F.  Nissl, 
AHjf.  Ztsehr.  f.  Psychiat.,  etc.,  Berl.,  Bd.  liv,  1807.)  The  cell  in  the  lower 
rightrhand  corner  is  normal ;  the  others  show  the  effect  of  venitrin  poisoning. 

The  effect  of  strychnine  upon  the  lower  motor  neurones  has 
been  studied  by  Nissl,  by  Goldscheider  and  Flatau,  and  others. 
The  changes  are  closely  allied  to  those  which  are  found  in 


♦  Lugaro.  E.  Sulle  alterazioni  degli  elementi  nervosi  negli  avvelena 
menti  per  arsenico  e  per  piombo.  Riv.  di  patol.  nerv.,  Firenze  (1897),  vol. 
ii,  pp.  49-64. 
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tetanus  poisoning.  They  may  develop  very  quickly  after  the 
injection  of  the  alkaloid,  eveu  as  early  as  three  minutes  after 
Bitbcutaneoug  injection.  Alterations  in  the  nucleoli  precede 
those  in  the  tigroid   masses,  according  to   Goldscheider  and 


Fio,  ITS. — Two  sp  nal  ganji  on  c^llg  show  hk  penphero  chromatolTas  in  inti- 
icai  polBon  ng  After  E.  Lumtn  K  d  natol  n  rr  F  pense.  vol.  ii.  WK. 
p.  53,  Fitrs  3  and  3      Sab  mate  fixation    bEeouituiyl  d  Btaining. 

Flatau.  No  distinct  proportion  could  be  established  between 
the  morphological  alteration  and  the  amount  of  functional  dit- 
turbance.  Functional  dieturbanceB  were  recovered  from  »mt 
time  before  the  higtological  appearances  had  again  become 
normal. 

This  absence  of  any  strict  proportionality  between  the  Tit- 
ible  morphological  changes  and  the  degree  of  functional  dis- 
turbance is  of  the  highest  importance,  and  such  incongroitj 
should  hold  in  check  those  zealous  investigators  who,  without 
adequate  data,  are  ready  to  interpret  every  histological  finding 
in  terms  of  the  clinical  symptomatology.     As  a  matter  of  tut, 


THE  NEURONE  AS  THE  UNIT.  287 

the  alterations  in  the  cells  in  acute  and  chronic  poisoning,  so 
far  as  they  have  been  studied  up  to  the  present  time,  can 
scarcely  be  brought  into  relation  with  the  clinical  symptoms. 
The  occurrence  of  Nissl's  "  acute  cell  disease "  {vide  infra)  in 
a  whole  series  of  entirely  different  disease-pictures  is  further 
evidence  of  our  lack  of  information  with  regard  to  the  corre- 
spondence of  the  demonstrable  histological  alterations  in  the 
neurones  and  the  symptoms  met  with  during  life.     That  the 
histological  alterations  have  functional  equivalents,  however, 
no  one  can  doubt,  and  other  investigators  have  gone  too  far  in 
denying  the  existence  of  any  relation  between  the  nerve-cell 
changes  demonstrable  in  poisoning  and  the  nervous  disturb- 
ances met  with  during  life.     All  that  we  can  say  at  present  is 
that  the  appearance  and  disappearance  of  the  majority  of  the 
clinical  symptoms  are  independent  of  the  relatively  gross  intra- 
neuronal  structural  alterations  thus  far  described.     The  corre- 
spondence in  all  probability  lies  in  the  finer  structural  altera- 
tions indiscoverable  by  our  present  methods  of  examination, 
and  will  fireft  be  ascertainable  when  advances  in  technique  per- 
mit of  the  application  of  procedures  which  reveal  such  finer 
changes. 

Very  important  from  a  therapeutic  standpoint  are  the  in- 
Testigations  of  Brauer.*  This  investigator  studied  the  cell 
bodies  of  the  neurones  in  the  central  nervous  system  of  some 
twenty-three  rabbits  poisoned  by  mercury.  Some  of  the  animals 
were  subjected  to  acute,  others  to  subacute,  still  others  to 
chronic  poisoning  with  this  metal.  The  poison  was  given  by 
the  mouth,  subcutaneously  and  intravenously.  In  addition  to 
the  marked  alterations  in  the  kidneys  and  intestines  distinct 
paralytic  phenomena  on  the  part  of  the  nervous  system  soon 
became  manifest.  The  paralysis  gradually  increased  as  the 
poisoning  continued,  the  reflexes  were  exaggerated,  and  the 
animals  exhibited  an  outspoken  ataxia.  Sections  of  the  nerv- 
ous system  studied  with  Nissl's  method  showed  large  numbers 
of  altered  cells  in  the  ventral  horns.  Among  the  altered  cells 
there  remained  a  considerable  number  which  did  not  appear  to 
be  affected,  although  the  relative  proportions  varied  much  in 
different  animals.    Very  frequently  Brauer  met  with  localized 

*  Braaer,  L.     Der  Einfluss  des  Quecksilbers  auf  das  Nervensjstem  des 
Kaninchena.    Deatsche  Ztschr.  f.  Nervenh.,  Leipz.,  Bd.  xii  (1897),  S.  1-67. 
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areas  in  indiyidual  cells  in  which  tigroid  bodies  were  beginning 
to  break  up.    The  fine  particles  became  scattered  through  the 

ground  substance,  and  the  cell 
contents  often  presented  a  dust- 
like  appearance.      The   bearing 
of  such  observations   upon  the 
treatment  of  syphilis  is  obvious. 
It  would  take   too   long  to 
consider  all  the  reports  of  stud- 
ies of  intoxication  even  if  onlj 
those  made  recently 
were    referred     to. 
Among   the   recent 
researches,  those  of 
Sarbo  *   on   aniemic 
alterations,  Vas  on 
nicotine    poisoning,   Dehio    on 
strychnine    poisoning,    Manersi 
on   strychnine   and    chloroform 
poisoning,  Berkley  on  alcoholic 
and  ricin  intoxications,  Masettif 

Fio.  173.~A  nerve  cell  from  a  part  of   ^^     autipyrine    iutoxicatiou,    of 

the  spinal  cord  deprived  of  blood  for  Pandit    ou    bromine,    cocaine, 

81X  hours  through  hi^ture  of  the  ab-       ...  -,  .         . 

dominal  aorta.      (After  G.  Marines-    UlCOtme,  and   autipyriue  poiSOD- 

co,  La  Presse  m6dicale,  Par.,  1897,  p.    ;_  _     t  ^-i^xx     __  j    av^.^.:^,^ « 

45,  PI.  V.)    The  periphemi  portion  ^^g'  Laslett    and   Wamugton' 

of  the  cytoplaam  contains  only  a  few    on   lead  poisoning,   Wriffhtl   on 

tigroid  masHcs,  although  the  latter  •■!•        -^^^i 

are  still  numerous  near  the  nucleus:    bromide  poiSOnmg,  Mourek  and 


*  Sarb6,  A.  Ueber  die  RQckenmarksverftDderuDgen  nach  zeitweili^r 
Verschliessung  der  Bauchaorta ;  ein  Beitrag  zur  Pathologie  des  Ganglionzell- 
kerne.    Neurol.  Centralbl.,  Leipz.,  Bd.  xix  (1894),  S.  664-671. 

f  Masetti,  E.  Le  alterazioni  del  midollo  spinale  neirarreleDamento 
cronieo  sperimentale  per  antipirina.  Riv.  sper.  di  freniat,  Reggio-Emilia, 
vol.  xxi  (1895),  pp.  668-677. 

X  P&ndi,  K.  Ueber  die  Verftnderungen  des  Centralnervensj^teins  nach 
chronischer  Vergiftung  mit  Brom,  Kokain,  Nikotin  und  Antipyrin.  Ungar. 
Arch,  t  Med.,  Wiesb.,  Bd.  ii  (l893-'94),  S.  267-284. 

*  Laslett,  £.  E.,  and  W.  B.  Warrington.  The  Morbid  Anatomy  of  a 
Case  of  Jjead  Paralysis.  Condition  of  the  Nerves,  Muscles.  Muscle  Spindles, 
and  Spinal  Cord.    Brain,  Lond.,  vol.  xxi  (1898),  pp.  224-231. 

I  Wright,  H.  K.  The  Cerebral  Cortical  Cell  under  the  Infinence  of 
Poisonous  Dos^  of  Potassii  Bromidum.  Brain,  Lond.,  voL  xxi  (1898>,  pp 
18^228. 
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Hess  *  on  the  eflPects  of  various  poisons,  should  be  mentioned. 
The  effect  of  cutting  off  the  blood  supply  to  the  neurones  is 
iUustrated  in  Fig.  173. 

There  exists  also  a  series  of  researches  upon  acute  and 
chronic  infectious  processes,  those  experimentally  produced 
and  those  occurring  in  nature.  Among  these  may  be  men- 
tioned the  studies  of  Babes,!  Beck,I  Dejerine,*  Ewing,||  Gold- 
scheider  and  Brasch,^  Goldscheider  and  Flatau,^  Lugaro,J 
Xicholls,J  Sabrazes  and  Cabannes,t  Marinesco.** 

A  beginning  has  been  made  in  the  study  of  acute  and 
chronic  degenerative  processes  in  human  beings  and  in  ani- 
mals, some  of  known  and  some  of  doubtful  origin:  The 
researches  of  Acquisto  and   Pusateri,tt   Ballet,! J   Ballet  and 


♦  Mourek,  J.,  et  P.  Hess.  Lesions  fines  des  cellules  motrices  de  la  moelle 
epiniere  dans  les  divers  etats  d'empoisonnement.  Rev.  neurol.,  Par.,  t.  v. 
(1897),  No.  23. 

f  Babes,  V.  Ueber  den  Einfluss  der  verschiedenen  Infectionen  auf  die 
Nenrenzellen  des  Rttckeninarks.  Berl.  klin.  Wchnschr.,  Bd.  xxxv  (1898), 
S.  6 ;  36 :  56. 

X  Beck.  A.  Die  Verftnderungen  der  Nervenzellen  beini  experimentellen 
Tetanus.  Orvosi  hetil.,  Budapest,  vol.  xxxvii  (1893),  No.  32.  Ref.  im  Neurol. 
Centralbl.,  Leipz.,  Bd.  xiii  (1894),  No.  24. 

*  Dcjerine,  J.  Sur  la  chromatolyse  de  la  cellule  nerveuse  au  cours  des 
infections  avec  hyperthermie.  Compt.  rend.  Soc.  de  biol.,  Par.,  10.  s.,  t.  iv 
<1897),  p.  728. 

1  Ewing,  J.  Studies  on  Ganglion  Cells ;  a  Preliminary  Communication. 
Med.  Rec.,  N.  Y.,  vol.  liii  (1898),  pp.  513-517. 

^  Goldscheider,  A.,  und  F.  Brasch.  Ueber  die  Ver&nderung  menschlicher 
Nervenzellen  beim  Fieber.    Fortschr.  d.  Med.,  Berl.,  Bd.  xvi  (1898),  S.  126-128. 

^  Goldscheider,  A.,  und  E.  Flatau.  Normale  und  pathologische  Anatomie 
^er. Nervenzellen  auf  Grund  der  neueren  Forschungen.    Berlin  (1898). 

^  Lugaro,  £.  Alterazioni  delle  cellule  nervose  nella  peste  bubbonica 
^perimentale.    Riv.  di  patol.  nerv.,  Firenze,  vol.  ii  (1897),  pp.  241-244. 

JNicholls,J.  Studies  of  Typhoid  Fever.  J.Exper.Med.,N.Y.,vol.iv(1899). 

2  Sabrazes,  J.,  et  C.  Cabannes.  Note  sur  les  lesions  des  cellules  nerveuses 
de  la  moelle  dans  la  rage  humaine.  N.  iconog.  de  la  Salpetriere,  Par.,  t.  x 
(1897),  pp.  155-165. 

*♦  Marinesco,  G.  Sur  les  lesions  du  systeme  nerveux  central  au  cours 
des  maladies  infectieuses.  Compt.  rend.  Soc.  de  biol.,  Par.,  10.  s.,  t.  iv  (1897), 
pp.  795-798. 

tt  Acquisto,  v.,  ed.  E.  Pusateri.  SulF  anatomia.patologia  degli  elementi 
nervofii  neir  uremia  acuta  sperimentale.  Riv.  di  patol.  nerv.,  Firenze,  vol. 
i  (1896),  pp.  877-^85. 

Xt  Ballet,  G.  Les  l^ions  c^r^brales  de  la  paralysie  g^nerale  etudiees  par 
ia  m^thode  de  Nissl.  Ann.  m^d.-psychoL,  Par.,  8.  s.,  t.  vii  (1898),  pp.  448-459. 
20 
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Dutil,*  Boedeker  and  Juliu8burger,t  Cramer,J  Dejerine  and 
Thomas,*  Friedmann,|  Marinesco,^  Monti,^  Popoff^J  Hoch4 
Qnerrain,!  Sacerdotti  and  Ottolenghi,**  Schaffer,tt  Lngiro 
and  Chiozzi,Jt  Soukhanoff,**  and  Stroebe.|| 

*  Ballet  et  DutiL  Sar  quelques  lesions  experimentales  de  Im  oellole 
nenreuse.  Xllth  Interaat  medic.  Congr.  za  Moskaa.  Neurolog.  Centralbl, 
Leipz.,  Bd.  xvi  (1897),  S.  915-916. 

f  Boedeker  und  Juliusburger.  Anatomische  Bef ande  bei  Dementia  pan- 
lytica.    Neurol.  Centralbl.,  Leipz.,  Bd.  xvi  (1897),  S.  774-779. 

X  Cramer,  A.  Pathologisch-anatomischer  Befund  in  einem  acuten  Falle  dcr 
Paranoiagruppe.  Arch,  f .  Psychiat.  u.  Nervenkr.,  Berh,  Bd.  xxix  (1896X  S.  1-34. 

*  Dejerine  et  Thomas.  Sur  Tabsence  d'alt^rations  des  cellules  ner- 
reuses  de  la  moelle  epiniere  dans  un  cas  de  paralysie  alcooHqae.  CompL 
rend.  Soc  de  biol..  Par.,  10  s.  (1897). 

I  Friedmann,  M.  Ueber  progressive  Verilnderungen  der  Gan^lienzellen 
bei  Entzilndungen,  nebst  einem  Anhang  Qber  active  Verandemngen  der 
Axencjlinder.    Arch.  f.  Psychiat,  etc,  Berl.,  Bd.  xix  (1887),  &  244-368. 

^  Marinesco.  Pathologic  de  la  cellule  nenreuse.  Rapport  presente  an 
congres  international  de  medecine  k  Moscou.    Paris  (1897). 

0  Monti,  A.  Sur  Tanatomie  pathologique  des  elements  nerveax  dans  les 
processus  provenant  d'embolisme  cerebral;  considerations  sur  la  significt- 
tion  physiologique  des  prolongements  protoplasmatiques  des  cellales  ner- 
veuses.    Arch.  itaL  de  biol.,  Turin,  t  xxiv  (1895-'96),  pp.  20-^. 

X  Popow,  N.    Arch.  f.  path.  Anat.,  etc.,  Berl.,  Bd.  xciii  (1883),  S.  351<^366l 

%  Hoch,  A.  On  Changes  in  the  Nerve  Cells  of  the  Cortex  in  a  Case  of 
Acute  Delirium  and  a  Case  of  Delirum  Tremens.  Am.  J.  Insan.,  Balt^  vd. 
liv  (1897),  pp.  589-606. 

t  de  Quervain,  P.  Ueber  die  Veranderungen  des  Centralnerrensystems 
bei  experimenteller  Kachexia  thyreopriva  der  Thiere,  Arch.  f.  path.  Anat. 
etc,  Berl.,  Bd.  cxxxiii  (1893),  S.  481-550. 

**  Sacerdotti,  C,  e  D.  Ottolenghi.  Sulle  alterazioni  degli  element!  nervosi 
nella  discrasia  uremica  sperimentale.  Riv.  di  patol.  nerv.,  Firenze,  vol.  ii 
(1897),  S.  1-8. 

ft  Schaffer,  K.  Ueber  Nervenzellverftnderungen  wahrend  der  Inanition. 
Neurol.  Centralbl.,  Leipz.,  Bd.  xvi  (1897).  S.  832-837 ;  also  Das  Verhalten 
der  Spinalganglienzellen  bei  Tabes  auf  Orund  Nissl's  FSrbung.  Nearc»L 
Centralbl.,  Leipz.,  Bd.  xvii  (1898),  S.  2-7;  also  Ueber  Nerveuzellenverinder- 
ungen  des  Vorderhoms  bei  Tabes.  Ein  Beitrag  zur  Pathogenese  der  tro- 
phischen  StOrungen  der  Tabes.  Monatschr.  f.  Psvchiat  u.  NeuroL,  BerU 
Bd.  iii  (1898),  S.  64-9a 

XX  Lugaro,  K,  e  L.  ChiozzL  Sulle  alterazioni  degli  elementi  nervosi  nell* 
inanizione.     Riv.  di  patol.  nerv.,  Firenze,  vol.  ii  (1897),  pp.  394-400. 

••  Soukhanoff,  S.  Sur  Thistologie  pathologique  de  la  polynevrite  dans 
ses  rapports  avec  les  lesions  de  la  cellule  nerveuse.  N.  iconog.  de  la  Salpe- 
tridre.  Par.,  t  x  (1897),  pp.  347-^54. 

I I  Stroebe,  H.  Ueber  Verfinderungen  der  Spinalganglicn  bei  Tabes  dor- 
salis.    Centralbl.  f.  allg.  Path,  und  path.  Anat.,  Jena,  Bd.  v  (1894),  &  853-^55. 
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In  the  investigation  into  the  changes  in  the  human  cerebral 
cortex  no  one  has  thus  far  had  so  much  experience  as  Franz  Nissl. 
In  a  recent  paper  *  he  distinguishes  seven  forms  of  alterations 
in  the  cells  of  the  human  cortex :  (1)  Acute  cell  disease ;  (2) 
chronic  cell  disease;  (3)  severe  cell  disease;  (4)  combined 
disease  forms;  (5)  vanishing  of  cell;  (6)  simple  rarefaction; 
(7)  granular  breaking  up  of  the  cell.f 

Nissl  lays  much  emphasis  upon  the  first  of  these  forms,  the 
so-called  acute  cell  disease.  According  to  him  it  runs  the  same 
course  in  every  instance,  having  always  the  same  termination, 
and  when  it  has  once  appeared  it  involves  all  the  cells  of  the 
cortex  without  exception.  The  changes  are  so  characteristic 
that,  after  once  seeing  them,  one  can  make  a  positive  diagnosis 
without  difficulty.  The  disease  does  not  affect  a  part  of  the 
cell  only  but  involves  the  whole  neurone,  the  stainable  as  well 
as  the  unstainable  substance,  the  nucleus  as  well  as  the  cell 
body,  the  axone  as  well  as  the  dendrites,  all  parts  being  involved 
apparently  in  the  same  degree.  In  this  form  of  neurone  change 
the  unstainable  substances  are  so  altered  that  they  become 
stainable,  a  fact  which  makes  Xissl  think  that  his  ^^  unstain- 
able substance"  consists  not  only  of  a  fibrillary  constituent, 
but,  in  addition,  of  one  or  several  other  substances. 

Nissl  finds  this  acute  cell  disease  not  only  in  acute  paralyses 
but  in  a  great  variety  of  psychoses,  and  also  in  patients  who 
have  not  been  the  subjects  of  mental  disease  in  the  ordinary 
sense,  but  who,  succumbing  to  various  disorders,  have  before 
death  been  partly  delirious,  partly  somnolent.  The  involve- 
ment of  all  the  cells  in  the  cortex  is  an  exceedingly  interesting 
feature,  and  one  met  with  rarely  in  any  other  form  of  disease. 

An  instructive  paper  dealing  with  the  alterations  discover- 
able by  Nissl's  method  in  the  human  cortex  is  that  of  August 
Hoch,t  of  the  McLean  Hospital,  Waverly,  Mass.    Working  in 

•  Nissl,  P.  Nervenzellen  und  graue  Substanz.  MQnch.  med.  Wchnschr., 
Bd.  xlv  (1898),  S.  988:  1023;  1060. 

t  In  this  country  Hoch  (Hoch,  A.  On  Changes  in  the  Nerve  Cells  of  the 
Cortex  in  a  Case  of  Acute  Delirium  and  a  Case  of  Delirium  Tremens.  Am. 
J.  Insan.,  Bait-,  vol.  lir  (1897),  pp.  589-606)  has  described  one  case  in  which 
the  ''acute  cell  disease"  {acute  Verdnderung)  and  another  in  which  the 
"severe  cell  disease"  (schwere  Verdnderung)  oll^issl  existed.  His  descrip- 
tions of  the  changes  are  the  fullest  and  most  accurate  in  the  English  language. 

I  Hoch,  A.  Nerve-Cell  Changes  in  Somatic  Diseases.  A  Preliminary 
Communication.    Am.  J.  Insan.,  Bait.,  vol.  Iv  (1898),  pp.  231-240. 
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Nissl's  laboratory  at  Heidelberg,  Hoch  had  been  impressed  with 
the  frequency  with  which  changes  were  found  in  the  cortical 
nenre  cells  in  individuals  dead  of  diseases  of  different  kinds 
Recognizing  the  importance  of  a  thorough  knowledge  of  the 
possible  changes  in  the  cells  in  somatic  disease  for  the  inter- 
pretation of  the  pathological  alterations  met  with  in  the  brains 
of  the  insane,  Hoch  directed  his  especial  attention  toward  these. 
In  the  paper  mentioned  he  deals  with  a  particular  cell  altera- 
tion, which  he  designates  "cell  shrinkage."  He  has  studied 
this  change  in  human  beings,  in  whom  it  occurs  in  the  roost 
diverse  diseases,  and  also  in  experimental  animals. 

This  alteration  in  the  cells,  as  he  describes  it,  is  fonnd 
chiefly  in  the  medium-sized  and  smallest  pyramids,  as  well  as  in 
the  cells  of  the  fifth  layer.  The  contour  of  the  neurone  is  dis- 
torted and  shrunken,  and  there  may  be  much  retraction  of  the 
borders  of  the  cell  body  between  the  processes,  so  that  a  part  of 
the  cell  body  may,  at  first  sight,  look  like  part  of  a  cell  process. 
A  well-marked  honeycomb  structure  is  visible  in  the  cell  bodj, 
and  is  sometimes  indicated  in  the  processes.  The  nucleus  is 
darkly  stained,  diminished  in  size,  and  often  distorted.  lo 
Xissl  preparations  it  looks  homogeneous ;  the  nucleolus  is  often 
oval  in  shape,  and  may  be  paler  than  normal,  but  never  shows 
a  purplish  hue.  Instead  of  the  honeycomb  appearance,  the  pro- 
toplasm may  be  "  crumbly-looking." 

While  these  changes  occur  in  the  smaller  pyramids  and  the 
cells  in  the  fifth  layer  and  in  a  few  of  the  larger  pyramids,  Hoch 
finds  a  very  different  appearance  in  most  of  the  larger  pyramidal 
cells  and  especiaUy  in  the  largest  pyramids  (not  the  motor  or 
Betz  cells).  There  may  be  but  little  alteration  in  the  ezteroal 
form  of  the  ceU  body,  but  there  is  marked  change  in  the  distri- 
bution of  the  stainable  substance  throughout  the  cell.  The 
stainable  substance  is  seen  at  the  base  and  at  the  sides  of  the 
pyramid,  sometimes  forming  a  rim  around  the  periphery  of  the 
cell ;  often  this  rim  is  not  continuous  but  consists  of  a  number 
of  separate  "  crumbly  "  portions.  The  basal  processes  are  much 
more  altered  than  the  large  apical  dendrite,  especially  in  the 
larger  cells.  The  alterations  in  the  nucleus  are  very  character- 
istic. No  nuclear  membrane  can  be  demonstrated,  and  the  in- 
terior of  the  nucleus  shows  no  trace  of  a  sharp  design,  in  Nissl 
preparations  frequently  looking  entirely  homogeneous.  The 
nucleolus  is,  however,  unaltered.    The  change  just  described 
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Hoch  designates  "  alteration  with  rarefaction  around  the  nu- 
cleus." 

As  a  rule  the  large  motor  cells  look  entirely  normal. 
In  two  of  his  cases  Hoch  met  with  an  alteration  in  which  the 
cells  may  be  compared  to  vesicles.  Around  the  nucleus  he  found 
a  narrow  rim  of  "  crumbly-looking  "  substance,  then  a  clear  area, 
and  at  the  periphery  of  the  cell  body  another  accumulation  of 
"  crumbly-looking  "  substance.  There  may  be  a  marked  accu- 
mulation of  the  stainable  substance  at  the  site  of  origin  of  a 
basal  process.  The  nucleus  in  such  cells  varies  much  in  appear- 
ance ;  sometimes  it  may  be  homogeneous ;  it  may  be  pale ;  it 
may  be  indistinctly  spotted,  or  sometimes  it  may  look  almost 
normal.  The  feature  common  to  these  cells  is  the  vesicular, 
balloonlike  appearance  of  the  defective  cell  body.  The  cells 
exhibiting  this  alteration  were  met  with  only  in  the  upper  layers 
of  the  cerebral  cortex. 

It  struck  Hoch  that  the  vesicles  may  be  due  to  oedema,  and 
he  accordingly  experimented  on  the  cortex  of  the  rabbit.     A 
piece   of  a  rabbit's  brain  immediately  after  decapitation  was 
placed  in  distilled  water  for  from  twelve  to  twenty-four  hours 
and  then  hardened  in  alcohol.     Another  piece  was  treated  with 
normal  salt  solution  and  subsequently  hardened  in  alcohol.    The 
cortex  treated  with  water  showed  by  Nissl's  method  typical 
**  vesicular  cells,"  while  the  cortex  treated  with  normal  salt  so- 
lution showed  cells  which  corresponded  in  every  detail  with  the 
typical  "cell-shrinkage."    Experiments  on  the  human  cortex 
obtained  from  healthy  individuals  at  autopsy,  so  far  as  they  went, 
confirmed  the  results  obtained  in  the  rabbit.   Hoch  was  not  able 
to    produce    experimentally  his  "  alteration  with  rarefaction 
around  the  nucleus." 

Hoch  concludes  that  oedema  is  an  important  factor  in  the 
production  of  vesicular  cells.  He  points  out  in  his  article  the 
importance,  however,  of  bearing  in  mind  the  possible  appear- 
ance of  artefacts  due  to  the  action  of  alcohol  upon  the  tissues. 
It  may  be  that  the  modification  of  Nissl's  method  recommended 
by  Lord  *  will  be  of  service  in  the  exclusion  of  such  artefacts, 

*  Ijord,  J.  R.  A  New  Nissl  Method ;  Normal  Cell  Structure  and  the  Cy  to- 
logical  Changes  terminating  in  Fatty  Degeneration  ;  some  Remarks  on  Cell 
Physiology  and  its  Relation  to  Insanity ;  a  Note  on  the  Use  of  Picroformal 
Generally,  and  in  Bevan  Lewis's  Fresh  Method.  J.  Ment.  Sc,  Lond.,  vol. 
xliv  (1898),  pp.  698-700. 
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since  in  hU  procedure,  ae  in  that  of  Bevan  Lewis,  frozen  sections 
are  employed  and  alcohol  fixation  is  avoided. 

There  would  appear  to  be  some  ground  for  believing  that  a 
study  of  the  changes  in  the  nerve  cells  enables  ns  to  distingDish 
between  the  microscopic  picture  of  the  cell  body  of  a  neurone 
after  a  lesion  to  its  axone  and  that  which  results  from  the 
direct  action  of  toxic  substances  upon  the  cell  body  of  the 
neurone. 

We  now  know  very  well  the  appearances  of  the  correspond- 
ing ventral  horn  cells  of  the  spinal  cord  and  medulla  after  eec- 


Fio.  174.— Cells  from  the  nuclei  of  the  oCDlomotorim  nerves  of  the  eat  thinm 
days  »ft«r  scctiun  of  the  root  flbrM  of  the  nerve  on  one  side,  (.\fler  L 
natan,  FortBchr.  d.  Med.,  Beri..  Bd.  liv,  1996,  Taf.  i.  Piss.  S&nd  4.|  «,  wU 
frum  nucleus  of  side  not  operated  upon,  ahoirins  tj^pical  atichoehroiiH  •'- 
rftngement  of  Niasl  bodies ;  b,  cell  from  nncleuB  of  wde  operatnl  upim.  TV 
homugeneonn  diintlike  appearaace  is  represents.  Here  and  there  aai)t 
lartter  irregular  Nissl  bullies  are  visible.  The  nucleus  is  di^lticed  to  the  sdi 
uf  the  ucll. 

tion  of  the  axones  of  a  motor  nerve  {vide  gvpra).  Aftera  sbort 
time  the  cell  bodies  of  the  group  of  neurones  concerned  appw 
somewhat  swollen  and  there  are  marked  changes  in  the  app«r- 
ance  of  the  protoplasm,  most  advanced  near  the  asone  hillock. 
These  changes  consist,  as  has  already  been  stated,  in  a  brestiog 
up  into  fine  grannies  of  the  tigroid  masses  with  diffuse  stiis- 
ing  of  the  achromatic  substance  of  the  cell.  If  the  changK 
be  very  marked,  as  is  often  the  case  in  young  animals,  the  ti- 
groid masses  may  disappear  from  a  large  portion  of  the  cell  bodj 
and  the  nucleus  may  be  displaced  to  the  side  of  the  cell.    A!i 
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result,  the  typical  Btichochrome  arrangement  of  the  tigroid  ag- 
gregations inside  the  body  of  the  cell  is  entirely  lost,  in  late 
stages  in  the  dendrites  also,  and  what  stainable  substance  is 
left  appears  in  the  form  of  fine  dustlike  particles  or  as  a  diffuse 
blue  stain  (Fig.  174).  These  secondary  changes  in  the  cell 
bodies  of  neurones,  the  evidence  of  "  reaction  at  a  distance,"" 
may  lead  to  the  death  of  the  cell  in  case  the  peripheral  connec- 
tion can  not  be  again  made,  although  more  often  after  a 
certain  length  of  time  there  is  a  gradual  restitution  of  the  nor- 
mal appearances,  due,  Nissl  thinks,  to  the  formation  of  new 
connections.  According  to  Marinesco,  there  occurs  during  the 
process  of  repair  progressive  hypertrophy  of  the  nerve  cell  up 
to  a  period  as  late  as  ninety  days  after  the  operation.  He  be- 
lieves that  this  increase  in  size  of  the  nerve  cell  is  for  the  pur- 
pose of  assisting  in  the  repair  of  the  lesions  in  the  divided 
nerve,  and  that  complete  return  of  function  occurs  only  after 
the  anatomical  continuity  of  the  peripheral  nerve  has  been  re- 
established. 

The  changes  in  the  cell  bodies  following  the  direct  action 
of  toxic  substances  upon  them  differ,  as  a  rule,  markedly  from 
those  just  described.  Without  going  into  a  detailed  description 
here  it  may  be  pointed  out  that  the  chromatolysis  under  these 
circumstances  begins,  as  a  rule,  not  inside  the  cell  but  rather 
at  the  periphery  of  the  cell  body  and  in  the  dendrites,  extend- 
ing gradually  toward  the  nucleus.  Marinesco  *  has  laid  great 
stress  upon  this  point,  and  has  brought  forward  in  evidence  the 
changes  which  occur  in  experimental  ansemia  after  ligation  of 
the  aorta  (Fig.  173,  vide  8upra\  in  hydrophobia,  in  acute  ex- 
perimental uraemia,  and  in  other  conditions.  He  states  also 
that  in  addition  to  peripheral  chromatolysis  in  primary  lesions 
of  the  nerve  cell,  instances  are  met  with  in  which  the  chro- 
matolysis is  diffuse  and  others  in  which  it  is  perinuclear. 

My  own  studies,  made  on  several  forms  of  intoxication  with 
mineral  poisons,  on  cerebro-spinal  meningitis  (Fig.  175),  and, 
in  conjunction  with  J.  Erlanger,  on  the  facial  nucleus  of  rab- 
hits  after  section  of  the  facial  nerve  (Fig.  176),  and  on  the  motor 
cells  in  the  ventral  horns  of  the  spinal  cord  after  extirpation  of 
the  biceps  muscle,  so  far  as  they  have  gone,  support  these  views, 

*  Marinesco,  O.    Pathologie  gen^rale  de  la  cellule  nerveuse ;  lesions  se- 
oondaires  et  primitives.    Presse  med.,  Par.  (1897),  pp.  41-47. 
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although  with  certain  modifications  and  reserratious.  Tbe 
main  emphasis  in  the  "  secondary  "  lesion  is  to  be  laid  upon  the 
fact  that  the  process  begins  near  the  asone  hillock.  Less  impor- 
tance is  to  be  attributed  to  the  peripheral  chromstoljsis  in  the 
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"  primary  "  lesion,  eince  in  ricin  poisoning,*  for  example,  changes 
may  have  occurred  in  the  Xissl  bodies  throughout  the  cell  body 
ut  a  very  early  period,  even  before  there  is  actual  diromatolyeis. 
In  the  study  of  the  pathological  anatomy  of  human  cases  the 
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I,  176.— Four  nerve  oelle  frill 


results  of  snch  inyestigations  should  at  all  events  be  borne  care- 
fnlly  in  mind,  and  it  will  be  the  duty  of  the  pathologist  to  en- 
deavor to  distingnish  in  the  various  forms  of  nerve  lesion  the 
alterations  which  depend  upon  "  reaction  at  a  distance  "  from 

•  Stailicd  in  tissues  of  experimental  animals  kind!  j  supplied  by  ray  col- 
leigue.  Dr.  S.  Flexner. 
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FlO.  177. — Similaritr  of  chaiiKM  produ  ed  n  cr  bod  M  of  ow  moo  iifDtiiD» 
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(After  W.  B.  Warringtoii,  J.  Pb;  Camb  zi  B»8  p    i.  Tiff 
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those  which  are  the  result  of  the  direct  action  of  noxse  in  solu- 
tion in  the  blood  and  lymph  upon  the  cell  bodies  and  dendrites 
of  the  neurones.  In  certain  pathological  conditions  the  neu- 
rone may  doubtless  be  affected  in  both  ways  simultaneously. 
I  have  found  this  to  be  true  in  epidemic  cerebro-spinal  menin- 
gitis. 

The  lesions  in  this  disease  in  the  cells  of  the  ventral  horns 
are  in  part  those  of  reaction  at  a  distance,  in  part  those  of  pri- 
mary intoxication  of  the  nerve  cell.  I  am  of  the  opinion  that 
the  former  set  of  lesions  which  by  the  way  are  by  far  the  more 
pronounced  are  the  result  of  injury  to  the  motor  roots  by  the 
noieningeal  inflammation,  the  latter  to  the  general  toxic  effect 
of  the  poisons  produced  by  the  bacteria  which  cause  the 
disease. 

Highly  interesting  in  this  connection  are  the  results  ob- 
tained by  Warrington,*  of  Liverpool.  He  has  cut  the  dorsal  roots 
of  spinal  nerves  from  the  fifth  to  the  ninth  thoracic  inclusive, 
and  studied  sections  of  the  various  segments  of  the  cord  by 
NissFs  method.  He  found  alterations  in  a  large  number  of 
cells  in  the  seventh  and  eighth  segments,  especially  in  the  dorso- 
lateral group  of  cells  in  those  segments.  In  the  monkey  a 
great  many  cells  are  found  altered  on  the  opposite  side.  The 
alterations,  as  will  be  seen  in  Fig.  177,  are  similar  to  the 
changes  which  result  when  the  axones  of  these  cells  are  cut. 
Warrington  attributes  the  change  to  the  withdrawal  of  the 
afferent  impulses  which  normally  impinge  on  the  comual  cells, 
and  compares  his  results  with  those  obtained  from  the  well- 
known  experiments  of  Mott  and  Sherrington,!  by  which  it  was 
shown  that  section  of  the  dorsal  roots  leads  to  pronounced  loss 
of  muscular  tone,  ataxia,  and  marked  impairment  of  voluntary 
movement.  These  studies  of  Warrington,  taken  with  those  of 
Marinesco  and  van  Gehuchten,^  should  make  us  keep  in  view 
the  possibility  that  the  lesion  hitherto  supposed  to  be  typical  of 

♦  Warrington,  W.  B.  On  the  Structural  Alterations  observed  in  Nerve 
Cells.    J.  Physiol.,  Cambridge,  vol.  xxili  (1898),  pp.  112-129. 

t  Mott,  P.  W.,  and  C.  S.  Sherrington.  Experiments  upon  the  Influence  of 
Sensory  Nerves  upon  Movement  and  Nutrition  of  the  Limbs.  Proc.  Roy. 
See.  Lond.,  voL  Ivii  (1895),  pp.  345-481. 

X  Van  Gehuchten,  A.  L*anatomie  fine  de  la  cellule  nerveuse.  Xllth 
Congres  international  de  m^ecine  &  Moscou  1897.  Refer,  im  Neurol.  Cen- 
tralbL,  Leipz.,  Bd.  xvi  (1897),  No.  19. 
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a  reaction  at  a  distance  dne  to  lesion  of  an  axone  ma;  depend 
upon  an  entirely  different  cause — namely,  the  removal  of  affer- 
ent impulsee  from  the  dendrites  and  cell  bodies  of  the  nenronee 
concerned. 

An  interesting  problem  for  research  in  connection  with  in- 
toxications has  probably  already  suggested  itself  to  the  minds  of 
many.  If  soluble  toxic  substances  ate  capable  of  producing  vitb- 
in  a  comparatively  short  period  of  time  alterations  within  the 
neurones  which  are  histologically  recognizable,  the  qaestioi 
arises.  What  will  be  the  effect  of  administering  a  specific  antitoi- 
ine  at  the  same  time  as,  or  subsequently  to,  the  introdurtion  gf 


Fio.  ITB. — Eff^ts  of  poisouiDg  with  maloD.nitril.  (After  A.  Golilscheidci  n-  E. 
Flatan.  Noim&lu  nnd  pBthologische  Anatomic  dur  NcTveiuellen.  etc.  Bcii. 
ISHS,  Taf.  iv.  Fig.  1.) 

the  toxic  substance  ?    At  the  date  of  writing  only  a  few  researchei 
which  have  a  direct  bearing  upon  this  topic  have  been  made' 
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namely,  those  of  Goldscheider  and   Flatao  *  upon  poisoning 
with  malon-nitril  and  upon  tetanua  poisoning,  those  of  Mari- 


Fio.  179.— EffectHofftrtiflcialintroiseofbody temperature.  (AfterA.Goldsclieider 
u.  E.  Flatau,  Nonmlc  und  patholugische  Anatoniie  der  NeirenEellen.  etc.. 
Berl.,  18B8,  i^f.  IT,  Fig.  2.)    A  vf  Dtrai  horn  veil  of  the  lateral  group  is  shuwn, 

nesco  and  ChanteineBae  f  npon  tetanus  toxine  and  antitoxine, 
and  of  Eempner  and  Pollack  I  on  IsotulismaB  poisoning.     It  is 

*  Oo Idscbeider,  A.  und  E.  FIst«u.  Kenntniss  der  Stnictur  der  Oanglien- 
Kllen  (Vortrag  von  Qoldstheider),  Verein  fOr  innere  Medecin.  Berl.  klin. 
VVchnscbr.  (1B9T),  S.  237.  Also,  Kormale  und  pathologische  Aoatomie  der 
Xenenzellen,  Berlin,  1808. 

f  Cbantemegse  et  Marinesco.  Des  lesions  hiatologiqnes  flxea  de  la  cellule 
QerTeuse  dans  leurs  rapports  arec  le  d^veloppement  du  UtauGs  et  I'iinmunite 
auti-t^tanique  [Abstr.].  Bull,  et  m^m.  Soc.  m£d.  d.  bfip.  de  Par.,  8.  s.,  t.  xt 
<1398),  pp.  96-104. 

t  Kempner,  W.  und  B.  PoUack.  Die  Wirkang  dea  Botuliamustoxina 
-(Pleischgiftes)  und  wines  speciflschen  Antitoxins  auf  die  Neirenzellen. 
Deutsche  ined.  Wchnsclir..  Leipz.  u.  Berl..  Bd.  iiiii  (1897),  S.  506-007. 
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known  that  if  malon-nitril  be  injected  into  a  rabbit,  hydro- 
cyanic  poisoning  quickly  results,  leading  to  the  death  of  the 
animal,  after  from  twenty  to  thirty  minute's,  with  paralytic  and 
dyspnoeic  phenomena.  If,  however,  the  animal  has  been  in- 
jected a  few  minutes  before  with  a  solution  of  hyposulphite  of 
soda  it  quickly  stirs  about  and  recovers.  It  is  supposed  that 
the  sodic  salt  acts  as  an  antidote  by  giving  off  sulphur  which 
unites  with  the  cyanogen  radicle.  In  animals  killed  with 
malon-nitril  distinct  alterations  in  the  Nissl  bodies  can  be  made 
out  (Fig.  178).  In  animals  treated  with  the  two  substances  and 
killed  after  nineteen  hours  certain  alterations  in  structure  are 
still  apparent,  though  after  seventy-one  hours  the  cells  are  again 
normal.  Goldscheider  and  Flatau  have  compared  the  findings 
in  such  instances  with  those  resulting  from  the  artificial  heatr 
ing  of  animals  in  the  thermostat  up  to  42°  or  44^.  If  the  animal 
be  taken  out  before  death  it  is  fiaccid  and  incapable  of  moving. 
The  ventral  horn  cells  of  the  cord  examined  at  this  period  aie 
seen  to  have  lost  their  normal  structure ;  the  tigroid  bodies  are 
replaced  by  light-brown  opaque  masses  and  by  single  granules^ 
the  whole  cell  being  enlarged  and  the  dendrites  swollen  (Fig. 
179).  If  the  overheated  animals  be  removed  from  the  thermostat 
and  kept  alive,  gradual  restitution  of  the  normal  structure  can 
be  made  out  after  several  hours  (Fig.  180),  though  ^he  repair  in 
the  cells  is  not  so  rapid  as  the  reappearance  of  function  wonld 
lead  one  to  believe.  While  the  animals  appear  to  recover  Tcry 
quickly  from  the  symptoms,  the  regeneration  of  the  cells  after 
the  nutritive  disturbance  requires  for  completion  at  least  several 
days.  It  is  evident,  therefore,  that  changes  in  the  chromatic  sub- 
stance alone,  as  many  have  long  suspected,  do  not  sufiice  to  ac- 
count for  the  clinical  phenomena  associated  with  them.  All  the 
evidence  goes  to  prove  that  the  function  of  the  cell,  as  has  already 
been  pointed  out  in  Section  III,  must  be  intimately  associated 
with  the  integrity  of  what  we  call  the  achromatic  substance. 

Marinesco  and  Chantemesse  have  studied  guinea-pigs  injected 
with  tetanus  toxine  with  the  object  of  investigating  the  relation 
of  immunity  to  histological  alterations  in  the  cells.  After  in- 
jection of  the  toxine  alone  they  found  typical  alterations  in  the 
cells  of  the  ventral  horns,  quite  like  those  which  have  been  de- 
scribed by  Xissl,  Goldscheider  and  Flatau,  and  others  (Figs.  ISL 
182).  After  injection  of  tetanus  toxine  and  antitoxine  they  codd 
find  no  alterations  in  the  cells  after  three  days,  but  if  the  anti- 
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toxic  serum  were  not  injected  until  twenty-four  hours  after  the 
injection  of  toxiiie,  distinct  alterations  in  the  cell  bodies  of  the 
neurones  could  still  be  made  out,  although  it  is  stated  that  these 
were  leaa  marked  than  when  the  toxine  alone  had  been  injected. 
The  various  changes  in  the  nucleus  and  nucleoli,  to  which 
considerable  attention  has  been  already  directed  by  a  number 
of  investigatorB,  afford,  to  a  certain  extent,  valuable  informa- 
tion concerning  the  state  of  nutrition  of  the  cell,  but  they  must 
here  be  passed  over  without  further  comment. 


Fio.  ISO, — Recovery  of  ventral  hom  cell  from  changes  produced  b;  artificial  in- 
crease of  body  U;mpeiBture.  (After  OoldBcbeidtr  utid  FIhIqu,  Nononle  und 
Kthu1oEVKb«  Anatomic  dur  Nen'onzellen.  etv..  Bcrl.,  I89S,  Tuf.  v.  Fig.  2.) 
ic  figure  showH  a  ventral  hom  cull  of  tlie  lateral  fcniup  afl«r  eight  hours 
aud  H  naif  of  rextitutiun. 

A  warning  concerning  the  necessity  for  obtaining  very  fresh 
material  when  Nissl's  method  is  to  be  employed  for  studying 
pathological  alterations  may  not  be  superfluous.  Kot  only  may 
lesions  in  nerve  cells  change  in  appearance  in  pathological 
cases  a  short  time  after  death  (Marinesco),  but  normal  cells 
may  by  postr-mortem  alterations  come  to  resemble  those  altered 
as  the  result  of  disease.     We  have  to  thanic  Neppi,*  of  Tram- 

*  Neppi,  A.  Sulle  ftlUrazioni  csdavericbe  delle  cellule  nervoae  rilevabili 
col  metodo  di  Nissl.    Riv.  di  patol.  nerr.,  Fireoze,  vol.  ii  (1897),  pp.  1S3-15S. 
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Fu»  tHl.-Effiect»  of  tetanus  ti>xi!ie  upon  the  lower  mofa>r  ueaioncJw  ,^V^ 
GoUlscheider  and  Flatau.  Nonuale  und  patholoKisclie  Anatnmie  der  >en^ 
»4lWu,  etc..  Berl..  1898.  TM*.  vi.  FiUH.  1  and  2.)  '^-  «««™^*!»*^r  'S?* 
horn  wU  of  tht^  mbbit,  showinK  typical  stmctiipe  «»  demoBstrmtetf  »T  ^w" . 
methiMl.  B.  ventral  horu  wll  two  bourn  aft»r  tntmvenoiw  W^^w^^,**  *j 
(I  cciu.,  4.pcr-wut.  solution)  tt^tanus  toxine.  The  nuclewltiR  «  **™}*^^ 
»>f  a  liRhter  color  than  normal.  The  tiKn»id  maa«»  an?  swoUen  *an  ^wwr 
wluit  pal*'*  though  th©  arranicement  i*  well  prwjenrwL 
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ns^. 


\>:.  ire,— M.irp  flflvfliiocd  tXaxm  of  pniHoninii  with  IrtaniiK  tminc  ^Afler  Go 
w-hpiflvr  nnd  Ftatmi.  Nommlc  utid  pHthiilo)[<Hrhp  Anatninlc  dcr  Ncrvpnn>11i 
eK..  Bit).,  ISDH.  Tnf.  vii.  Fim.  1  anit  2.)  «.  nerve  nil  from  an  animal  fi 
days  after  an  in,lpi'tion  of  0.0016  (1  rrm..  wilntinn  l:flOO)  tt'tanux  tosine.  1 
nueliiiluf  vi  marki-dlT  hwi>I1l-ii  ;  the  tiaroi<l  htidii^  nre  nlno  mui'h  Hwollen,  a 
srp  maiiifeHtly  brenkinn  up  and  are  bei'tiniinK  interminirled.  b.  neH-e  i; 
from  an  animsl  twentv-'ine  hnum  and  a  Qiiari4>r  aflor  injertinn  nf  0.04 
iTin..4-per-cent.  wiliition)  tetunUK  toxine.  The  iiuilenltiN  is  deformed,  1 
tinnid  maaHrfi  shnn  tlie  finely  granular  disinteenitliiii. 
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busti's  laboratory,  for  a  report  on  the  changes,  revealed  bj 
Nissl's  method,  which  take  place  post  mortem  in  normal  nerre 
cells. 

Since  Neppi's  article  another  on  the  same  subject  has  ap> 
peared  by  Barbacci  and  Gampacci.*  A.  Hoch  states  that  the 
Betz  cells  of  the  paracentral  lobule  are  very  resistant  to  post- 
mortem alteration. 

None  of  the  methods  at  present  at  our  disposal  suffice,  how- 
ever, for  more  than  the  discovery  of  what  must  be  relatively 
extremely  gross  alterations  in  the  structure  of  the  nerve  cells, 
and  we  can  only  hope  that  ere  long  advances  in  cytological 
technique  will  permit  a  deeper  penetration  into  the  mysteries 
of  nerve-cell  organisation. 

These  considerations  bearing  upon  the  physiology  and  ps- 
thology  of  the  neurone  have  led  me  further  than  I  had  intended; 
they  must  now  be  brought  to  a  close.     A  series  of  phenomena 
have  been  touched  upon,  all  too  briefly,  I  fear,  to  do  justice  to 
them — ^Wallerian  and  Turck's  degeneration,  the  changes  in  the 
nerve  centres  following  amputations,  the  experiments  of  Ton 
Gudden,  Bregman,  Darkschewitsch,  Nissl,  and  Flatau,  the  effects 
of  injury  to  the  nerve  centres  through  cutting  off  of  the  blood 
supply,  the  effects  of  acute  and  chronic  poisonings  of  the  neu- 
rones, the  phenomena  of  regeneration,  the  incessant  activity  of 
the  nervous  structures,  the  absence  of  proof  of  any  actual  spon- 
taneity in  the  elements,  the  doctrine  of  the  specific  energies  of 
nerves,  the  unity  of  nerve  functions  in  the  neurones,  the  direc- 
tion in  which  impulses  are  transmitted,  and  the  influence  of 
aotivity,  fatigue^  repose,  poisoning,  etc.,  upon  the  structure  of  the 
uerv<M*ell  protoplasm.    This  cursory  glance,  however,  over  many 
phas«»8  of  the  metabolic  and  nervous  activities  of  the  neurones 
may  have  sufficed,  I  hope,  to  throw  the  essential  points  con- 
eeruiug  the  nutrition  of  neurones  into  relief.      The  changes 
characteristic  of  the  degenerations  of  Waller  and  of  Turck 
prove  to  u$  that  no  matter  how  important  the  medullary  sheath 
may  be  iu  the  integrity  of  the  neurone  for  the  nutrition  of  the 
axivne  iui^ide  it^  it  is  certain  that  this  influence  alone  or  to- 
gt'>tht*r  with  that  of  the  nutrient  supplies  arriving  through  the 
lunleH  vKf  Ranvier  can  not  ^utfice  for  the  maintenance  of  the 


iicrvvviiv     Kiv.  ill  (*«u»I.  M<»rv.,  Kireoze.  toL  ii  »189T).  pp.  337-347. 
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health  of  the  nerve  fibre.  There  is  not  a  little  evidence,  in- 
deed, favoring  the  view  that  the  medullary  sheath  depends  for 
its  nourishment  upon  the  axone,  rather  than  that  the  axone  is 
nourished  from  the  medullary  sheath.  Some  influence  or  influ- 
ences from  the  rest  of  the  neurone,  particularly  from  the  cell 
body,  are  essential  to  the  well-being  of  the  nerve  fibres.  What 
is  the  nature  of  this  influence  or  of  these  influences  ?  Does  the 
axone  actually  receive  all  its  nutrient  material  from  the  gan- 
glion cell,  or  does  it  depend,  as  would  seem  a  priori  much  more 
likely,  for  the  most  part  upon  autochthonous  metabolism, 
needing  oi^  the  influence  of  the  cell  to  which  it  is  connected 
to  govern  the  assimilation  ?  These  are  questions  for  which  the 
data  at  command  do  not  permit  as  full  answers  as  we  could  wish. 
Every  one  must  grant  that  the  peripheral  nerve  fibre  takes  care 
in  large  part  of  its  own  nutrition ;  the  presence  of  vasa  ner- 
vorum affords  sufficient  warrant  for  this  belief.  Further,  the  evi- 
dence for  its  subordination  to  local  processes  of  diffusion  is  to 
be  found  in  the  local  injuries  to  peripheral  nerves  resulting 
from  the  circulation  in  the  blood  of  soluble  substances  of  a  toxic 
nature — ^as,  for  example,  in  diphtheria.  The  key  to  the  whole 
problem  undoubtedly  lies,  as  the  neurone  concept  teaches,  in 
the  fact  that  the  axone  in  all  its  parts,  no  matter  how  far  re- 
moved from  the  cell  body,  is  an  integral  part  of  a  single  cell. 
To  explain  the  influence  of  the  cell  body  upon  the  flbre,  Gold- 
scheider  has  advanced  a  very  ingenious  hypothesis.  He  sug- 
gests that  it  is  most  probable  that  there  is  an  actual  transport 
of  a  material,  perhaps  a  fermentlike  substance,  from  the  cell 
along  the  whole  course  of  the  axone  to  its  extremity,  and  that 
first  through  the  influence  of  this  chemical  body  the  axone  is 
enabled  to  make  use  for  its  nutrition  of  the  material  placed  at 
its  disposal  in  its  anatomical  course.  Schafer  sees  in  the  loss 
of  the  influence  of  the  nucleus  the  important  factor  in  cellulif- 
ugal  degeneration  of  a  severed  nerve  flbre,  but  attempts  no  ex- 
planation of  the  nature  of  the  nuclear  power  exerted.*  Per- 
sonaUy,  I  rather  favor  the  view  advocated  by  von  Lenhoss^k, 

*  To  gain  an  idea  of  the  recent  conceptions  concerning  the  relation  of  the 
nucleus  to  nutritive  processes  in  the  cell  the  article  of  Haberlandt  (Ueber 
die  Beziehungen  zwischen  Function  und  Lage  des  Zellkems  bei  den  Pflan- 
aen,  Jena,  1887)  and  that  of  Korschelt  (Beitrftge  zur  Morphologie  und  Phy- 
siologie  des  Zellkemes,  Zool.  Jahrb.,  Abth.  f.  Anat.,  Bd.  xxvi,  1886)  may  be 
consulted. 
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that  instead  of  assuming  an  actual  transportation  of  a  chemical 
suhstanee  we  can  very  well  conceiye  of  a  variety  of  excitation 
which,  starting  from  the  cell,  perhaps  even  from  the  nucleus, 
streams  constantly  through  the  axone,  and  in  it  in  some  waj, 
perhaps  by  a  process  comparable  to  electrolysis,  maintains  the 
chemical  conditions  suitable  for  the  assimilation  of  the  nutri- 
tive juices,  a  view  entirely  compatible  with  the  fact  that  the 
trophic  action  of  the  cell  body  appears  to  be  least  active  in  the 
parts  of  the  axone  most  distant  from  it.      Goldscheider  has 
argued  that  since  peripheral  sensory  fibres  (in  which  presum- 
ably the  impulses  are,  in  the  main  at  least,  centripetal)  degen- 
erate completely  when  cut  through,  just  as  do  divided  motor 
fibres  in  which  the  impulses  are  centrifugal,  the  influence  of 
the  ganglion  cell  presiding  over  the  assimilation  is  not  identical 
with  the  functional  excitation,  an  idea  which  Bumpf  *  had  as 
earlv  as  188^  satisfactorilv  stated.    In  view  of  what  I  have  said 
befv>re  conoeriiing  the  possibility  of  functional  excitation  in 
either  dir^vtion  in  a  neurone*  this  argument  would  lose  so^l^ 
thing  of  its  forve:   but*  granting  that  it  is  well  based,  it  need 
m>t  militate  ag^iu>t  von  Leuho!?sek*3  hypothesis,  inasmuch  as 
itt  the  abi>euoe  of  the  p^ssa^e  of  gennine  nerve  impulses  celln- 
Ufugsillv  iu  the  periphenil  sensory  fibres  the  transmission  of  the 
e\^.'icatiou:>  e^wutial  to  Kutrition  would  still  be  conceivable, 
aud  >k  ould  oertaiuly  be  no  uior^  diMoult  to  eonceive  of  than 
the  aotuid  cellullt'iigzil  tninsptjrt  of  a  chemieal  substance  in  a 
diiwtiou  opp\.»«>ice  to  that  folio weii  by  the  functional  excitation. 
The  ttn.»rv  thought  one  j^rives  to  the  j^ubject,  the  more  he  will 
find  iu  the  tn.»paio  relati»jni>  of  the  neurones  to  make  him  hesi- 
tate before  he  deriieij  tht?  posi>ibiIicy  of  the  conduction  of  im- 
pitli^^n^or  iudueuotjs  iu  either  directi»?ii  thn^ughout  the  neurone. 
Kuc  hypochesjes  su».h  a^^  have  just  been  considered  will  not 
^utti^.v  for  the  tnterpr^tation  of  the  findings  in  the  main  bodj 
of  the  uouroue  after  diviivioa  of  ttcj  axone — those  included  in 
iK^  dvhoate  experifiteiics  of  Ni2?sl»  tlacao*  Marinesco,  Erlanger, 
Hud  others  tk!^  wvU  as  th»,?se  in  the  earlier  studies  of  von  Gq(1- 
dea  aud  his.  piipiljk  ^iid  in  the  obtJervations  upon  the  nervoM 
s\fitcm   a^or  aiupu tuitions*     W^j   have  seen  that    these  obeer- 
\>uioaA  hi4>t\  partuiUy  uc  lease,,  annulled  the  validity  of  Wal- 
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ler'fi  doctrine  of  the  trophic  relations  of  the  nerve  cells,  for 
after  injury  to  an  axone,  in  addition  to  the  degeneration  in  the 
axone  peripheral  to  the  lesion,  there  are  demonstrable  altera- 
tions in  the  cytoproximal  end  of  the  axone  and  especially  in  the 
cell  body  of  the  neurone  itself. 

Marinesco,  in  his  careful  study  of  the  nervous  system  after 
amputations,  attempted  to  account  for  the  discrepancy.  Al- 
though up  to  this  time  the  spontaneity  of  nerve  function  had 
scarcely  been  questioned,  this  author  threw  doubt  upon  the 
automatic  activity  of  the  nerve  cell.  It  was  his  idea  rather 
that  the  functional  activity  of  a  nerve  cell  was  entirely  depend- 
ent upon  stimuli  reaching  it  from  the  outside,  and  that  in  the 
absence  of  the  advent  of  external  stimuli  the  spinal  ganglion 
cells,  for  example,  can  not  retain  their  nutritive  functions.  He 
was  more  cautious  in  his  explanation  of  the  atrophy  of  the 
ventral  horn  cells,  but  suggested  that  in  case  a  limb  was  ampu- 
tated, even  though  the  path  carrying  voluntary  impulses  to  the 
motor  cells  in  the  ventral  horns  remained  intact,  the  one  which 
brought  the  sensory  impulses  concerned  in  reflex  activities  was 
interfered  with,  and  the  diminution  in  impulses  reaching  the 
ventral  horn  cells  thus  brought  about  could,  he  thought,  result 
in  a  marked  depreciation  of  their  vitality.  Goldscheider,  in 
his  article  dealing  with  the  doctrine  of  the  trophic  centres, 
accepts  fully  this  hypothesis  of  Marinesco  and  in  a  way  extends 
it.*  Von  Lenhoss6k,  who  is  favorably  impressed  by  it,  does  not 
believe,  however,  that  the  loss  of  centripetal  stimuli  reaching 
the  corresponding  segment  of  the  spinal  cord  by  way  of  the 
sensory  fibres  coming  from  the  muscles,  tendons,  etc.,  after 
injury  to  a  motor  nerve,f  will  suffice  to  explain  the  alteration 
in  the  cells  of  origin  of  the  fibres  cut  through.  While  I  can- 
not agree  with  von  Lenhossek  that  there  is  no  physiological 
basis  for  the  view  that  these  stimuli  influence  the  motor  cells 
which  lie  in  the  same  segment  of  the  spinal  cord,  or  that  no 
reason  for  such  a  relation  is  visible,  it  must  nevertheless  be 
granted  that  in  his  attempt  to  offer  a  suitable  explanation  he 
has  called  attention  to  another  possible  factor  which  may  be  of 
decided  import  as  regards  nutrition.     He  finds  the  simplest  ex- 

*  Strong  confirroatory  evidence  has  since  been  adduced  by  Warrington 
And  Tan  Gehochten.    Vide  supra, 
f  Cf.  NissVs  experiments. 
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planation  of  the  degenerative  phenomena  in  question  in  the 
assumption  that  for  every  nerve  cell  a  necessary  condition  of 
existence  is  its  normal  connection  with  its  end  organ  by  meaii« 
of  its  axone — for  example,  in  the  case  of  a  cell  of  the  ventral 
horn  with  its  corresponding  muscle.  In  the  cutting  through  of 
a  motor  axone  it  is,  according  to  him,  not  the  loss  by  the  motor 
cell  of  the  few  ceutripetal  stimuli  which  this  might  occasion, 
but  rather  the  impossibility  of  a  normal  discharge  of  energy,  the 
nerve  cell  being,  as  it  were,  embarrassed  by  the  storm  of  excita- 
tions reaching  it  by  way  of  the  reflex  collaterals,  fibrils  of  the 
pyramidal  tracts,  or  other  connections.  Flatau,  in  hia  discus- 
sion of  the  subject,  takes  a  midway  position,  believing  that  the 
nutrition  of  the  ganglion  cell  may  be  affected  either  by  diminu- 
tion in  the  number  of  impulses  which  it  receives  or  by  the  cod- 
sequent  impossibility  of  the  giving  off  of  stimuli  to  moscle^  or 
to  other  neurones.  This  certainly  is  a  very  rational  position 
to  take,  inasmuch  as  io 
a  society  of  cells,  just  u 
in  any  other  commn- 
nity,  if  one  member  b« 
deprived  of  the  infln- 
ences  of  its  fellovs, 
or,  although  receiving 
such  influences,  become 
glutted  with  them, 
owing  to  inability  to  dis- 
charge its  own  func- 
tions,ttuit  member  mnst 
neceasarily  suffer. 
Still  another  hypothesis  has  been  advanced  by  Lagaro,*who 
has  studied  tho  alteratiDUS  in  the  spinal  ganglion  cells  after 
section  of  their  peripheral  (Fig.  1S3)  and  central  (Fig.  184) 
axone&  Ue  points  out  that  the  motor  axone  and  the  peri]^ 
en»l  prwlougations  of  spinal  ganglion  cells  differ  in  that  thej 
are  plai-e<t  at  the  opposite  extremities  of  nerve  elements.  This 
vory  portion  he  suggests  may  be  of  especial  influence  as  reganla 

*  l.u^riK  K.  Suite  itltenuii'iit  ili-lle  •.'vlliile  Dtfrrotie  dei  gangli  »piiimti,iii 
su({uit»  al  tKi^lii'  dvlta  brau>.'a  p^rift'nfa  a  Kvatmie  dA  loro  prolunguneDlo. 
Ki».  Ui  isilyL  uBfT..  Firvuw.  tuL  i  ilSWl.  pp.  iJT-tTO:  mlsa.  Sul  oompoiti- 
iiiuiilu  tlvllu  •.vllulu  uwrvvw  J«i  jtui^li^t  :?()iiiAli  in  $«)cuito  «l  tagUo  ilella 
liittuiik  tvuiralc  dv  tvru  (jivtiui^iuiMtiCu.     IbtJ^  tuL  ii  U^TK  pp.  MO-MS. 


Fid,  1^  — Siuiuil  iciuxTiuii  (vll  jhoviiu:  marked 


THE  NEURONE  AS  THE  UNIT.  gn 

rbaaces  of  nutrition.     He  thinks  that  either  suppression 
Q  Btimuli  aormally  arriving  in  the  group  of  nerve  elements 
pediment  to  the  discharge  of 
;y  from  a  group  acts  hy  dis- 

ng  the  normal  action  of  the  j/^^^^^-^^^^^ 

bolic  cycle  and  can  lead  to 
le  rat  ion  of  the  neurones. 
.  however,  that  while  after 
>n  of  the  peripheral  axone  of 
pinal  ganglion  cell  there  are 
ed  nutritive  disturbances  to 
ide  out  in  the  cell  bodies  in-  ^  _^   jf 

the  spinal  ganglia,  after  see-  ""  "*~ 

>f  the  fibres  of  the  dorsal  root     J       iM    s  f    f 

pinal  nerve  or  its  intramedul-       n  ■     i   e  i  r«  n 
prolongations  only   insignifi-       J^n^-r^Lu'ii™*'''™'"  **"'""'* 
changes  or  none  at  all  are 

i  found  in  the  cells.  In  order  to  explain  this  apparent 
.ox  he  suggests  that  the  various  elements  of  the  nervous 
n  offer  varying  resistance  to  nutritive  disturbances.  He 
nagine  that  the  sensory  elements  suffer  more  especially 
the  suppression  of  external  stimuli,  while  on  the  other 
the  motor  elements  suffer  mainly  as  a  result  of  hindrance 
i  discharge  of  energy  elaborated  within  them,  and  which, 
■  normal  circumstances,  is  removed  immediately  from  the 
s  where  this  work  is  done.  It  is  Lugaro's  opinion  further 
,he  recovery  of  certain  cells  in  the  spinal  ganglia  and  the 
inent  alterations  or  complete  disintegration  of  others  is  to 
plained  by  the  assumption  of  variations  in  native  regenera- 
apacity  in  different  cells. 

lat  the  injury  resulting  from  whatever  cause,  if  only  tem- 
y,  need  not  be  fatal  to  the  neurone  concerned,  is  fully 
ited  by  the  general  work  which  has  been  done  on  regen- 
n  of  peripheral  nerves.  Even  though  the  preliminary 
of  neurone  decay  can  be  demonstrated  by  the  method  of 
the  trophic  function  is  not  at  first  lost,  inasmuch  as 
lous  efforts  toward  repair  are  made,*  and  should  the  axone 

his  is  apparently  true  even  inside  th«  central  nervous  sjsl«m.  Cf. 
iter,  W.  L.,  On  Regeneral  ion  of  Nerve  Fibres  inside  the  Central  Ser- 
rstem.     J.  Nerv.  anil  Mi'nt.  Dis..  N.  Y.,  roi.  ijv  (1^08),  p.  «98. 
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Imppily  succeed  in  re-establishing  its  terminal  relations  there  is 
gradually  a  complete  restitution  to  the  normal  condition. 
Only  when  on  account  of  some  obstacles  in  the  way,  or  through 
some  other  cause,  this  re-establishmeht  of  the  former  or  other 
conduction  relations  of  the  neurone  is  rendered  impossible,  do 
complete  degeneration  and  disappearance  of  the  neurone  occur 
after  section  of  the  axone.  With  the  peripheral  sensory  axones 
the  trophic  effort  manifested  is  often  extreme,  as  many  unfortu- 
nate individuals  have  found  to  their  discomfort  in  the  appear- 
aneo  of  the  so-oalled  amputation  neuromata. 


SECTION  VI. 

J^  THE  GROUPING  AND  CHAINING  TOGETHER  OF 
NEURONES  IN  A  COMPLEX  NERVOUS  SYSTEM  LIKE 
THAT  OF  MAN  AND  MAMMALS. 


TRODUCTioN.    Chap.  XXVI. 

BSECTiox  I.  Neurones  connecting  the  sense  organs  of  the  body  with  the 
central  nervous  system  (peripheral  centripetal  neurones;  sensory 
neurones  of  the  first  order ;  sensory  protoneurones). 

Classification  of    sensory   impressions.      The    neural    segment. 

Physiological  and  clinical  studies.    Chap.  XXVII. 
A.  Centripetal  neurones  of  the  first  order  collecting  bodily  im* 
pressions:  1.  Those  connected  with  the  spinal  cord,  Chaps. 
XXVIII  to  XXXIV ;  2.  Those  connected  with  the  rhomben- 
cephalon, Chap.  XXXV. 
6.  Centripetal  neurones  of  the  first  order  collecting  impressions 
of  special  sense  :  1.  Peripheral  gustatory  neurones ;  2.  Periph- 
eral olfactory  neurones,  Chap.  XXXVI ;  3.  Peripheral  visual 
neurones.  Chap.  XXXVII ;  4.  Peripheral  auditory  neurones. 
Chap.  XXXVIII. 
BSECTiON  IL  Neurones  within  the  central  nervous  system  connecting  the 
end-stations  (nuclei  terminales)  of  the  axones  of  the  peripheral  cen- 
tripetal neurones  with  other  portions  of  the  central  nervous  system 
(sensory  neurones  of  the  second  and  of  higher  orders). 

A.  Central  neurones  of  sensory  conduction  paths  other  than 
those  corresponding  to  the  organs  of  special  sense:  1.  Those 
pertaining  to  the  spinal  peripheral  sensory  neurones — (a) 
Neurones  the  cell  bodies  of  which  are  situated  in  the  nudlei 
funiculi  gracilis  et  cuneati,  Chap.  XXXIX ;  (b)  neurones  the 
cell  bodies  of  which  are  situated  in  the  nucleus  dorsalis.  Chap. 
XL;  (c)  neurones  the  cell  bodies  of  which  are  situated  in 
the  gray  matter  of  the  cord,  the  axones  going  to  the  fascicu- 
lus ventro-lat-eralis  Oowersi,  Chap.  XLI;  (d)  neurones  the 
cell  bodies  of  which  are  situated  in  the  gray  matter  of  the 
cord,  the  axones  going  to  the  fasciculi  proprii,  Chap.  XLII. 
2.  Those  pertaining  to  the  cerebral  peripheral  sensory  neu- 
rones— (a)  Neurones  the  cell  bodies  of  which  are  situated  in 

313 


314  THE  NERVOUS  SYSTEM. 

the  nuclei  teriuinales  of  the  N.  vagus,  X.  glossopbaryngeas, 
and  N.  intermedins,  Chap.  XLIII ;  (b)  neurones  the  cell  bodies 
of  which  are  situat-ed  in  the  nuclei  terminales  of  the  X.  Te^ 
tibuli,  Chap.  XLIV ;  (c)  neurones  the  cell  bodies  of  which  are 
situated  in  the  nuclei  terminales  of  the  N.  trigeminus,  Cbapi 
XLV.  3.  Neurones  the  cell  bodies  of  which  are  situated  is 
the  cerebellum,  the  axones  of  which  run  cerebralward,  and 
possibly  represent  an  indirect  central  sensory  conductioD 
path,  Chap.  XLVI.  4.  Central  sensory  axones  passing  into  or 
through  the  cerebral  peduncle  and  the  terminations  of  such 
axones — (o)  The  lemniscus  or  fillet.  Chap.  XLVII;  (6)  the 
fasciculus  longitudinalis  medialis.  Chap.  XLVI II  :  (r)  the 
formatio  reticularis  alba.  Chap.  XLIX ;  (d)  certain  fibres  of 
the  brachium  conjunctiirum  and  the  radiations  of  the  nucleus 
ruber.  Chap.  L.  5.  Central  sensory  axones  passing  through 
the  internal  capsule  (corticopetal  projection  neurones  of  the 
general  sensory  path)— (a)  Embryological  system  No.  1 :  (h 
embryological  system  No.  2;  (c)  embryological  system  Na3. 
Chap.  LI. 
6.  Central  neurones  of  conduction  paths  corresponding  to  th« 
organs  of  special  sense :  1.  Central  neurones  of  the  gus- 
tatory conduction  path ;  2.  Central  neurones  of  the  olfactorr 
conduction  path.  Chap.  LI  I ;  3.  Central  neurones  of  thevisutd 
conduction  path.  Chap.  LI  II ;  4.  Central  neurones  of  the 
auditory  conduction  path.  Chap.  LIV. 
Si'BSECTiox  III.  Neurones  directly  connecting  the  central  nervous  system 
with  the  voluntary  muscles  of  the  body  (lower  motor  neurones). 

A.  Those  pertaining  to  the  spinal  cord.  Chap.  LV. 

B.  Those  pertaining   to    the    rhombencephalon,    isthmus,  aod 

mesencephalon — 1.  Those,  the  axones  of  which  belong  to  the 

N.  hypoglossus:  2.  Those,  the  axones  of  which  belong  to  the 

N.  accessorius ;  3.  Those,  the  axones  of  which  belong  to  the 

N.  vagus  et  glossopharyngeus ;  4.  Those,  the  axones  of  which 

belong  to  the  N.  facialis:  5.  Those,  the  axones  of  which 

belong  to  the  N.  abducens ;  6.  Those,  the  axones  of  which 

belong  to  the  N.  trigeminus ;  7.  Those,  the  axones  of  which 

belong  to  the  N.  trochlearis :  8.  Those,  the  axones  of  which 

belong  to  the  N.  oculomotorius.  Chap.  TiVI. 

SuBSBCTiON  IV.  Neurones  which  enter  into  conduction  relation  with  the 

lower  motor  neurones  and  throw  the  latter  under  the  influence  of 

other  centres  (intermediary  and  upper  motor  neurones). 

A.  Those,  the  axones  of  which  help  to  make  up  the  fasciculi 
proprii  of  the  spinal  eord»  Chap.  LVTI. 

Bw  Those,  the  axones  of  which  run  in  the  fasciculus  longituili- 
ualis  medialis  and  in  the  formatio  reticularis  alba  of  the 
rhombencephalon.  Chap.  LVIII. 

C  Those,  the  cell  botlies  of  which  are  situated  in  the  ccw- 
bell Li in.  Chap.  LIX. 
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D.  Those,  the  cell  bodies  of  which  are  situated  in  the  mesen- 

cephalon and  diencephalon.  Chap.  LX. 

E.  Those,  the  cell   bodies  of  which  are  situated  in  the  telen- 

cephalon (pallium  and  rhinencephalon) — 1.  Those,  the  axones 
of  which  correspond  to  the  fasciculi  cerebrospinales  or  py- 
ramidal tract,  Chap.  LXI ;  2.  Those,  the  axones  of  which 
run  to  the  motor  nuclei  of  the  cerebral  nerves,  Chap.  LXII ; 
3.  Those,  the  axones  of  which  correspond  to  the  frontal  cere- 
brocorticopontal  path.  Chap.  LXIII ;  4.  Those,  the  axones 
of  which  correspond  to  the  temporal  cerebrocorticopontal 
path  ;  5.  Those,  the  axones  of  which  connect  the  lobus  occi- 
pitalis with  the  nuclei  governing  the  movements  of  the  eyes ; 
6.  Those,  the  axones  of  which  connect  the  rhinencephalon 
with  the  lower  motor  neurones.  Chap.  LXIV. 
3SECTION  V.  Projection  neurones,  commissural  neurones,  and  association 
neurones  of  the  telencephalon. 

A.  Projection  neurones,  Chap.  LXV.  » 

B.  Commissural  neurones :  1.  Those,  the  medullated  axones  of 

which  correspond  to  the  fibres  of  the  corpus  callosum  ;  2. 
Those,  the  medullated  axones  of  which  correspond  to  the 
commissura  anterior  cerebri ;  3.  Those,  the  medullated 
axones  of  which  correspond  to  the  fibres  of  the  commissura 
hippocampi,  Chap.  LXVI. 

C.  Association  neurones :  1.  Those  with  short  axones ;  2.  Those 

with  long  axones.  Chap.  LXVII ;  3.  Localization  of  associa- 
tion neurones  in  the  cerebral  cortex.  Flechsig's  doctrine  of 
"  association  centres,"  Chap.  LXVIII. 


CHAPTER  XXVI. 

INTRODUCTORY. 

sthods  of  description — Classification  to  be  followed — Architectonics  of  the 
nervous  system — Neurone  systems — Conduction  paths. 

One  would  like  to  be  able  to  describe  the  structure  of  the 
iman  nervous  system  according  to  the  arrangement  of  the 
mrones  underlying  the  various  functional  nervous  processes, 
nfortunately,  the  limited  knowledge  we  have  at  present  suf- 
jes  only  for  a  beginning  of  such  a  description.  We  have 
lined,  it  is  true,  important  clews  concerning  the  individuality 

mechanisms,  the  successive  complication  of  nervous  phe- 
>mena,  and  their  structural  basis  from  comparative  anatomy 
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and  from  studies  in  ontogeny.  Thus,  Edinger^  in  thelaet 
edition  of  his  text-book  has  given  us  for  the  first  time  a  view 
of  the  successive  increase  in  complexity  characterizing  the 
nervous  systems  belonging  to  a  large  series  of  animals,  and  the 
physiological  studies  of  Jacques  Loeb,  J.  Steiner,  and  A.  Bethe 
give  us  a  glimpse  of  what  we  can  hope  from  the  study  of  the 
functions  in  lower  forms.  Flechsig's  method  permits  us  also 
to  form  some  idea  of  the  mechanisms  underlying  the  simplest 
nerve  functions  in  human  beings  and  those  concerned  in  the 
performance  of  the  more  complex  ones  up  to  at  least  the  fifth 
month  of  extrauterine  life.  But  none  of  these  methods  fur- 
nishes us  with  more  than  a  beginning  on  the  lines  indicated. 

In  the  description  to  be  given  here  of  the  grouping  of  the 
neurones  no  attempt  will  be  made  to  describe  the  groups  a& 
cording  to  the  sequence  met  with  in  the  development  of  flm^ 
tion,  but  instead,  inasmuch  as  for  practical  purposes  this  seems 
at  the  moment  to  be  more  important,  some  of  the  main  groups 
of  neurones  with  which  we  are  fairly  well  acquainted  and  of  the 
functions  of  which  we  have  a  relatively  extended  knowledge, 
especially  as  they  appear  in  the  new-bom  babe  and  in  the  adult, 
will  be  dealt  with. 

The  central  cerebrospinal  nervous  system  is  ordinarily  de- 
scribed as  being  connected  with  the  other  organs  of  the  bodj 
and  with  the  external  world  by  means  of  nerves.  These  nerres 
contain  fibres  of  one  or  both  of  two  sorts,  afferent  or  centripe- 
tal, and  efferent  or  centrifugal.  By  means  of  the  former  the 
neurones  within  the  central  system  are  capable  of  being  infin- 
enced  from  without ;  through  the  latter  they  exert  an  inflnence 
upon  other  parts  of  the  body.  To  borrow  an  illustration  frwn 
von  Lenhossek,  the  peripheral  nerves  care  for  the  "import*' 
and  "  export "  relations  of  the  central  nervous  system,  whOe 
the  neurones  inside  look  after  "  home  "  relations.  In  the  fol- 
lowing account,  therefore,  it  will  be  necessary  to  consider  the 
structural  relations  of  the  neurones  which  connect  the  sen^ 
organs  of  the  body  with  the  central  nervous  system  (includ- 
ing the  afferent  nerves),  of  those  connecting  the  central  nen- 
ous  system  with  the  muscles  of  the  body  (including  the  efferent 


*  Edinger,  L.  Vorlesungen  ueber  den  Bau  der  nerrdsen  Centnlon^oe 
des  Menschen  und  der  Thiere  fQr  Aerzte  und  Studirende.  5.  Aafln  Leip^ 
1896,  398  pp.,  8vo. 
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nerves),  and  of  those  of  the  collections  of  neurones  inside  the 
central  nervous  system.  The  different  groups  may  be  con- 
veniently discussed  under  the  following  headings : 

I.  Neurones  connecting  the  sense  organs  of  the  body  with 
the  central  nervous  system  (peripheral. centripetal  neurones; 
sensory  neurones  of  the  first  order;  sensory  protoneurones). 
Chaps.  XXVII  to  XXXVIII. 

II.  Neurones  within  the  central  nervous  system  connecting 
the  end-stations  of  the  axones  of  the  peripheral  centripetal  neu- 
rones with  other  portions  of  the  central  nervous  system,  and 
neurones  which  in  turn  connect  the  end-stations  of  the  latter 
with  still  higher  portions  of  the  central  system  (sensory  neu- 
rones of  the  second  order  and  of  higher  orders).  Chaps.  XXXIX 
to  LIV. 

III.  Neurones  connecting  the  central  nervous  system  with 
the  voluntary  muscles  of  the  body  (lower  motor  neurones). 
Chaps.  LV  and  LVI. 

IV.  Neurones  within  the  central  nervous  system  which  enter 
into  conduction  relation  with  the  lower  motor  neurones  and 
throw  the  latter  under  the  influence  of  other  centres.  Neu- 
rones connecting  the  pallium,  cerebellum,  etc.,  with  the  lower 
motor  neurones.     Chaps.  LVII  to  LXIV. 

V.  Projection,  commissural,  and  association  neurones  of  the 
telencephalon.     Chaps.  LXV  to  LXVIII. 

An  idea  of  the  tectonics  or  architecture  of  the  nervous  sys- 
tem, considering  the  neurones  as  the  architectural  units,  can 
be  gained  only  when  we  form  spatial  conceptions  of  the  distri- 
bution of  the  various  neurones  and  their  processes  in  the  cen- 
tral and  peripheral  nerve  organs.  Such  spatial  conceptions  are 
obtainable  only  by  combining  in  the  mind  the  results  of  a 
whole  series  of  studies — embryological,  histological,  physio- 
logical, and  pathological.  A  careful  study  of  the  topograph- 
ical relations  in  faultless  sets  of  serial  sections  through  various 
degenerated  nervous  systems,  or  through  the  foetal  central 
organs  at  various  stages  in  the  process  of  myelinization,  together 
with  the  study  of  Golgi  preparations,  permits  one  to  make 
mental  fusions  of  the  single  pictures,  and  so  to  obtain  an  idea 
of  the  distribution  in  space  of  the  various  fibre  bundles,  and 
the  cells  of  which  they  represent  the  medullated  axones.  A 
much  more  accurate  method  is  that  of  graphic  reconstruction 
from   serial  sections  (W.  His),   or  plastic  reconstruction  by 
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means  of  wax  plates  (O.  Bom).  The  advantages  of  the  latter 
method  are  illustrated  in  the  model  of  the  rhombencephaloii 
and  mesencephalon  constructed  by  Miss  Florence  Sabin,  to 
which  references  are  occasionally  made  in  the  following  chap- 
ters. If  he  has  not  Qbtained  ^Mdeas  in  three  dimensions"  of 
the  groups  of  neurones  and  their  interrelations  inside  the  oeor 
tral  neryous  organs,  the  student  will  find  himself  entirely  at 
sea  when  he  attempts  the  explanation  of  the  results  of  patho- 
logical lesions. 

The  term  ** system"  is  employed  often  by  neurological 
writers,  and  unfortunately  not  always  in  the  same  way.  It 
would  seem  desirable,*  in  accordance  with  recent  German 
writers,  to  limit  the  use  of  the  term  ^^  neurone  system  '^  to  an 
aggregate  of  homologous  inaxones,  and  to  restrict  the  use  of 
the  term  ^^  fibre  system ''  to  a  group  of  medullated  axones  of 
homologous  origin  and  homologous  distribution  (as  regards 
their  collaterals,  subdivisions,  and  terminals).  Thus,  for  exam- 
ple, the  neurones,  the  cell  bodies  of  which  are  situated  in  the 
spinal  ganglia,  the  central  axones  of  which  enter  the  doml 
funiculi  of  the  spinal  cord  and  terminate  in  its  gray  matter  or 
in  the  nuclei  of  the  medulla  oblongata,  together  represent  i 
great  ^^ system"  of  peripheral  spinal  centripetal  neurones. 
This  system  is  in  turn  divisible  into  subsystems — (1)  on  the 
ground  of  myelinization ;  and  (2)  according  to  the  particnlar 
nuclei  in  which  a  given  set  of  fibres  terminate.  The  fibres  of 
the  pyramidal  tract  represent  a  "  fibre  system,"  since  (1)  they 
are  the  axones  of  homologous  cells  in  the  cerebral  cortex,  and 
(2)  they  terminate  in  homologous  regions  in  the  spinal  c$frd. 

Topographical  study  teaches  that  there  may  be  a  "  mixing 
of  systems  "  in  given  areas  of  a  cross  section.  A  given  topicil 
area  in  a  microscopic  section  seldom  represents  an  entirely 
pure  "  fibre  system."  It  is  legitimate,  however,  in  topograph- 
ical descriptions,  to  give  names  d,  fortiori  to  the  various  areas. 
Thus  we  speak  of  the  "  area  of  the  lateral  pyramidal  tract "  in 
a  cross  section  of  the  spinal  cord,  although  we  know  that  in 
this  area  a  few  fibres  other  than  those  of  the  pyramidal  tract 


♦  Cf.  Tschennak,  A.  Ueber  den  centralen  Verlauf  der  aufst^i^rendn 
Hinterstrangbahnen  und  deren  Beziehungen  zu  den  Bahnen  im  Vo^if^ 
seitenstrang.  Arch.  f.  Anat.  u.  Physiol.,  Anat.  Abth.,  Leinz.  (189ek  S. 
291-400. 
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exist ;  and  again  we  call  a  certain  bundle  in  the  dorso-lateral 
periphery  of  the  cord  the  fasciculus  cerebellospinalis,  or  the 
dorso-lateral  spino-cerebellar  system,  though  we  have  good  evi- 
dence that  the  fibres  of  this  fasciculus  are  mixed,  in  places  at 
least,  with  fibres  not  homologous  with  the  spino-cerebellar  fibres. 
A  chain  or  series  of  neurone  systems,  constituting  a  function- 
al unit  of  a  higher  order,  may  be  designated  a  ^^  conduction 
path  " — ^the  Germans  call  it  a  Leitungsbahn,*    Thus  the  several 
"  systems  "  following  upon  one  another  in  a  given  "  conduction 
path  "  may  be  spoken  of  as  primary  systems,  secondary  systems, 
tertiary  systems,  etc.    In  the  general  centripetal  conduction 
path  from  the  muscles  to  the  cerebral  cortex  the  peripheral 
centripetal  neurones  corresponding  to  the  spinal  ganglion  cells 
represent  a  ''  primary  system  " ;  the  neurones  of  the  next  higher 
order  (whose  perikaryons  and  dendrites  are  in  the  nucleus  fu- 
nicr.li  cnneati  (or  nucleus  funiculi  gracilis)  and  whose  axones 
run  as  internal  arcuate  fibres  across  the  raphe  into  the  opposite 
interolivary  layer,  and  on  through  the  medial  lemniscus  to  ter- 
minate in  the  ventro-lateral  part  of  the  thalamus)  represent  a 
**  secondary  system  " ;  while  the  neurones  connecting  the  ventro- 
lateral part  of  the  thalamus  with  the  somsesthetic  area  of  the 
cerebral  cortex  represent  a  tertiary  system.     This  sensory  "  con- 
duction path  '^  would  consist,  then,  of  three  superimposed  sets 
of  "  neurone  systems."    As  we  shall  see,  in  the  "  afferent "  or 
"  centripetal "  conduction  paths  the  perikaryons  and  dendrites 
of  a  given  "  neurone  system  "  are,  as  a  rule,  situated  below  and 
the  axones  ascend  toward  the  perikaryons  and  dendrites  of  the 
next  neurone  system.     On  the  other  hand,  in  the  "  efferent " 
or  "centrifugal"  conduction  paths  the  perikaryons  and  den- 
drites of  a  given  neurone  system  are  situated,  as  a  rule,  above^ 
and  the  axones  descend  toward  the  perikaryons  and  dendrites 
of  the  neurone  system  of  the  next  order.     To  use  a  nomencla- 
ture suggested  by  Tschermak,  the  efferent  conduction  path  is 
composed  of  "  distal-axone  "  systems,  and  the  afferent  conduction 
path  of  "  central-axone  "  systems.    The  "  distal-axone  "  systems 
are  in  the  main  motor  or  reflex,  the  "  central-axone  "  systems, 
in  the  main,  sensory. 


♦  Cf.  Held,  H.  Arch.  f.  Anat.  u.  Physiol.,  Anat.  Abth.,  Leipz.  (1898), 
S.  436.  Also  the  numerous  publications  of  Paul  Flechsig  and  of  W.  ron 
Bechterew. 


./ 
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In  a  given  conduction  path,  composed  of  several  superim- 
posed or  subimposed  neurone  systems,  the  primary,  secondary, 
and  other  systems  need  not  necessarily  contain  the  same  total 
number  of  neurones ;  indeed,  as  we  have  seen  already,  and  shall 
see  further  on,  a  single  neurone  of  one  system  is  often,  by  virtoe 
of  a  number  of  end-ramifications,  able  to  enter  into  conduction 
relations  with  a  number  of  neurones  in  a  neurone  system  of  the 
next  higher  order  {e.  g.,  terminals  of  X.  trigeminus  in  the  sub- 
stantia gelatinosa,  terminals  of  tractus  opticus  in  the  collicolofi 
superior) ;  in  other  instances,  on  the  contrary,  the  terminals  of 
a  large  number  of  axones  of  one  neurone  system  may  be  so 
arranged  that  they  can  influence  only  a  smaller  number  of 
neurones  of  a  neurone  system  of  the  next  order  (e.  g.,  ^n. 
olfactorii,  terminating  in  the  olfactory  glomeruli).  In  the  one 
case  there  is  a  "  multiplication  of  elements  "  in  the  direction 
of  the  conducting  path,  in  the  other  a  "reduction  of 
elements."  * 

To  a  description  of  the  various  neurone  systems,  at  lea.«t 
those  that  are  best  known,  we  may  now  conveniently  proceed. 

♦  For  further  interestiug  considerations  of  a  simitar  nature  with  reg»H 
to  neurone  systems  and  conduction  i)aths,  especially  with  referenc-e  to  tb? 
divtryence  and  conflaence  of  ()aths,  the  reader  may  tuna  with  advantage  to 
the  article  of  Tsehermak  above  cited. 
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ST7BSECTI0N  I. 

reurones  Connecting  the  Sense  Organs  of  the  Body 
^mth  the  Central  Nervous  System  (Peripheral 
Centrii)etal  Neurones;  Sensory  Neurones  of  the 
First  Order;  Sensory  Protonenrones). 


CHAPTER  XXVII. 

tN  THE  CLASSIFICATION  OF  SENSORY  IMPRESSIONS  AND  THE 
RELATION  OF  THE  CENTRIPETAL  NEURONES  TO  THE  SEG- 
MENTATION  OF  THE   BODY. 

f^enrones  collecting  bodily  impressions — Neurones  collecting  impressions 
from  the  external  world — Externalization  of  impressions — The  neural 
segment  or  neurotome — Nn.  spinales — Radix  ventralis — Radix  dorsalis 
— Ganglion  spinale — Peripheral  nerves — Rami  communicantes,  etc. — 
Plexus  cervico-brachialis — Plexus  lumbo-sacralis — Cutaneous  distribu- 
tion of  peripheral  sensory  nerves — Cutaneous  distribution  of  dorsal  root 
fibres — Experimental  studies  in  animals — Overlcipping — Clinical  studies 
on  human  beings — Surface  areas  of  the  topographical  anatomists. 

The  peripheral  centripetal  neurones  are  those  through 
w^hich  the  central  nervous  system  is  affected,  (a)  by  changes 
baking  place  in  the  body  itself  (outside  the  central  nervous 
lystem  and  organs  of  special  sense),  and  (b)  by  physical  and 
shemical  influences  exerted  from  the  environment  of  the  in- 
lividual.*  This  classification  of  sensory  neurones  conforms 
^  the  custom  of  dividing  the  impulses  which  pass  into  the 
©ntral  nervous  system  into  (A)  impressions  which  concern  the 
^^y  itself,  and  (B)  impressions  which  concern  the  external 

Iq  this  connection  it  must  not  be  forgotten  that  the  neurones  within 

'©  net-Ye  centres  can  be  and  often  are  very  significantly  affected  by  influ- 

»oes  dependent  upon  alterations  in  the  blood  and  lymph.    It  would  be  a 

*^e  error  to  assume  that  all  the  phenomena  in  the  central  neurones  are 

^•ident  upon  reactions  called  forth  by  impulses  coming  in  through  the 

'"Spheral  centripetal  fibres.    The  respiratory  mechanism,  for  example,  is 

^^^*y  of  a  chemical  character.    This,  however,  is  so  obvious  when  one's 

^'^tion  is  directed  toward  it  that  further  discussion  here  is  unnecessary. 
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world,  tlie  former  including  what  has  ordinarily  been  known  as 
**  oonimon  sensation,"  the  latter  embracing  the  "  special  senses." 
The  tundoncy  of  the  mind  is  to  refer  the  sensations  which  may 
result  in  consciousness  from  the  former  set  of  impulses  to 
changes  in  the  body  itself,  and  to  project  those  which  result 
from  the  latter  set  of  impulses  into  the  external  world ;  that  is 
to  say,  while  the  former  are,  as  a  rule,  not  "  objectivisable,''  or 
*^  extorualizable,"  the  latter  are  always  or  nearly  always  "  ob- 
ject ivisable.'*  In  the  latter  set  of  impressions  an  element  of 
exterualitv  seems  to  be  inherent. 

Such  a  distinction,  while  conyenient  for  purposes  of  descrip- 
tion,  is  not  wholly  free  from  objection.  In  the  skin,  for  example, 
one  meets  with  a  sensory  surface  which  concerns  not  onlj  the 
KhIy  itself^  but  also  the  external  world.  And  even  impressions 
brought  into  the  nervous  system  through  the  muscle  sense  are 
probably^  to  a  certain  extent,  objectivisable.  For  the  sake  of 
iVttveuienoe,  however^  and  with  this  preliminary  qualification, 
the  ueun^nes  may  be  considered  under  these  headings,  the  first 
group  {a)  bringing  impulses  into  the  nerve  centres  from  tl» 
skiu>  mucous  membranes^  muscles,  semicircular  canals,  bones, 
tendons^  joints,  sexual  organs,  and  internal  viscera  ;  the  second 
group  (d)  bringing  impressions  into  the  central  nervous  system 
fivm  the  organs  of  special  sense;  munely,  from  (I)  the  gos- 
tacorv  organ:^;  {^)  the  olfactory  organs;  (3)  the  visual  organs; 
(4)  the  auditory  organs* 

The  relations  of  the  sensorv  nerve  to  the  so-called  meuroioof 
or  fivurnl  se*/iaetU  are  shown  in  the  accompanying  figure  (Fig. 
ISa).  Lf  the  :>tuileut  grasp  clearly  the  idea  of  the  neural  segment 
(of.  Chapter  Will)  he  will  have  much  less  dilficulty  in  under- 
stiUiJ iug  the  architecture  of  the  nervous  system  in  general 
lu  the  illUi>trHCioa  the  mntur  vt^ntrnl  root  (radix  ventralif)  i> 
Sijcn  coming  out  of  the  ventro-Iuteral  surface  of  the  spinal  eori 
b^.5iug  formed  by  the  union  of  a  number  of  tila  radicularia.  It 
turuci  dorsal  ward  where  it  is  joined  by  the  dorstai  smnmry  rw«' 
(•>)  or  radix  dorsaiiss  in  the  coun«e  of  which  is  seen  a  nodnbr 
swelling,  tlio  ^/unfjiiuu  .<pinfth  (4).  The  ventral  root  forms  no 
ilrti)iitc  umou  with  the  'ion?ai  n>oc*  but  simply  Lies  beside  itti»* 
ev>uibiucd  roots  t'oriuiug  the  'tnntmtn  or  mixed  nnrv^  ^tem  «5^ 
'1*Uks^  ooiuiuou  SI  em  of  -^  spiiml  nerve  »livides  into  two  nuio 
trunks  the  ruiinii>  '{arsaii.y  »K)^  wliiili  runs  doradwani  to  sapp^? 
the  museululuru  ;uiU  -^km  A  the  baek,  andu  rumuit  rf^ntrtiiif  ('\' 
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which  turns  ventralward  into  the  parietes  to  supply  the  muscu- 
lature and  skin  of  this  region,  including  the  musculature  and 
skin  of  the  extremities.  This  ventral  ramus  in  typical  instances 
^ves  off  (a)  a  lateral  branch,  the  so-called  ramus  cutaneus 


Fig.  185. — Cross  section  of  the  central  and  peripheral  nervous  system  of  a  man, 
illustrating  the  neural  segment.  (After  A.  Bauber,  Lehrbuch  der  Anatomic 
des  Menachen,  V.  Aufl.,  Leipz.,  18»8,  Bd.  ii,  S.  205,  Fig.  233.)  i.  fissura 
mcdiana  ventralis  of  the  spinal  cord ;  1',  sulcus  medianus  dorsalis ;  8,  radix 
ventralis  (motor) ;  3,  radix  dorsalis  (sensory) ;  4i  ganglion  spinale  ;  5,  nervus 
spinalis  (common  trunk) ;  6^  ramus  dorsalis;  7,  ramus  ventralis ;  8^  ramus 
communicans ;  9,  ramus  meningeus ;  10,  ganglion  sympathicum ;  11,  ramus 
cutaneus  lateralis ;  12,  dorsal  limb,  IS,  ventral  limb  of  11 ;  14,  ramus  cutaneus 
ventralis  dividing  into  a  medial  limb  15  and  a  lateral  limb  16.  The  cross  sec- 
tion of  the  spinal  cord  shows  the  H-shaped  substantia  grisea  with  the  canalis 
centralis  in  the  commissura  grisea.  About  the  substantia  grisea  lies  the  white 
mantle  formed  by  the  substantia  alba. 


lateralis  (11)  (which  in  turn  divides  into  a  dorsal  (12)  and  a 
ventral  (13)  limb),  and  {b)  a  more  ventral  branch,  the  ramus 
cutaneus  ventralis  (14),  which  (dividing  into  a  medial  (15)  and 
a  lateral  (16)  limb)  innervates  the  skin  on  the  ventral  surface 
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of  the  bodj.  The  other  branches  of  the  rami  ventrsles  iiuier- 
vate  the  whole  of  the  Tentral  maseulature,  including  the  miu- 
cles  of  the  superior  and  inferior  extremities. 


Fio.  186.— Plciua  cprvico-brachialU.  (AfUr  P.  Etnlpr,  from  Bauber"!  t*it-lw*.l 
Vtntnil  view.  »,  nervuB  hypoglassus;  dh,  mnius  deecpndcrs  hypoii"* 
which,  along  with  dc,  the  ramuH  diac^ndens  cervii'slis.  funoB  the  ion  ifV 
gloaai ;  om.  N.  iKuipitaliB  minor ;  au,  N.  Huricularis  nwgnuB ;  kx,  V.  cnlura 
coll) ;  a,  to  N.  accesBorins ;  Ape.  Nn.  EUpraclaviculares ;  p.  N.  phn>ninu:  '^ 
N.  duraalia  Bcapule;  >t».  N.  suprascapulariB ;  *i,  Sn.  inihsrapuliTrK',  ■.  ^ 
BObcUvlUB;  oi,  N.  aiillaria;  eo,  N.  thoiaco-hnichialis ;  E,  N.  ™diilii:« 
S.  masculu-cDtaneus ;  Jf,  X.  meiliaiius;  la,  Nn.  thoisralFs  vcntnln:  H  ^ 
thoiacalU  latoralin;  U,  N.  ulnsria  ;  rm,  R.  cutaneus  medialig:  ci,  N-cvKx" 
medialis;  tit,  N.  intercosto-brachialia. 

In  addition  to  the  main  division  of  the  mixed  or  cominn 
nerve  stem  into  s  ramns  ventrslis  and  a  ramus  dorsalis,  tn 
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other  rami  are  given  off  from  this  mixed  trunk,  namely,  the 
ramus  cotnmunicans  (8),  containing  both  sensory  and  motor 
fibres  destined  for  the  viscera  and  blood-vessels  by  way  of  the 
sympathetic  nervous  system  (10),  and  a  ramus  meningens  (9), 
which  runs  back  through  the  foramen  intervertebrale  to  enter 
the  vertebral  canal,  there  to  break  up  into  fibres,  which  are  dis- 
tributed to  the  spinal  cord,  its  sheaths,  and  the  walls  of  the 
vertebral  canal. 

It  would  be  a  mistake,  however,  to  leave  the  impression 
that  in  each  peripheral  nerve  there  are  sensory  and  motor  fibres 
corresponding  only  to  one  common  stem  derived  from  a  single 
neural  segment.  While  this  would  be  true,  or  nearly  true,  for 
the  thoracic  region,  it  would  not  hold  for  the  cervical,  lumbar, 
and  sacral  regions.  In  these  regions  the  rami  ventrales  form 
anastomoses  and  plexiform  unions,  so  that  the  derivatives  of 
neighboring  neural  segments  become  incorporated  in  common 
bundles.  It  is  customary  to  describe  two  large  nerve  plexuses  : 
a  superior — ^the  so-called  plexus  cervico-brachialis ;  and  an  in- 
ferior— ^the  so-called  plexus  lumbo-sacralis. 

The  plexus  cervioo-hrachialis  (Fig.  186)  arises  from  the  anas- 
tomoses formed  by  the  rami  ventrales  of  the  cervical  and  first 
two  thoracic  nerves.  It  is  subdivided  into  the  (1)  plexus  cer- 
vicalis  and  (2)  the  plexus  brachialis^  the  latter  being  further 
subdivided  into  (a)  a  pars  supraclavicularis  and  (^)  a  pars 
infraclavicular  is. 

The  plexus  lumbchsacralis  (Fig.  187)  can  be  subdivided  into 
(1)  the  plexus  lumbalis^  (2)  the  plexus  sacralis^  and  (3)  the  plexus 
pudendo-caudalisy  the  latter  being  further  subdivisible  into  (a) 
the  plexus  pudendus  and  {h)  the  plextis  coccygeus.  The  plexus 
lumbalis  is  composed  of  the  ventral  rami  derived  from  the 
mixed  stems  of  the  four  upper  Xn.  lumbales,  while  the  plexus 
sacralis  has  its  origin  in  the  ventral  rami,  derived  from  the  fifth 
N.  lumbalis  and  the  first  and  second  Nn.  sacrales. 

The  plexus  pudendus  is  formed  by  the  ventral  rami  derived 
from  the  mixed  stems  of  the  third  and  fourth  Nn.  sacrales,  the 
plexus  coccygeus  from  the  ventral  rami  of  the  fifth  N.  sacralis 
and  the  first  N.  coccygeus. 

As  a  result  of  the  anatomical  conditions  just  referred  to, 
it  must  be  obvious  that  the  clinical  symptoms  dependent  upon 
lesions  of  the  peripheral  sensory  neurones  will  vary  widely  ac- 
cording to  the  situation  of  the  lesion. 
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Thus,  the  distribution   of  the   disturboaces   of  cutaneoiu 
BQiiBibilitjr  will  be  veiy  different  in  a  case  in  which  a  neire  ii 
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TtO.  187.— Pldus   lumbaaacralis,   inelndinjt   the   plpxax  luoihalis.  thr  plrm 


e  des  HmschcD.l 

latenilUuf  thr  N.  BUbouiilalis:  ih.  K.  iliohypoKastricug ;  H 
N.  iliointniiiwlis ;  ql.  Nerre  for  qnadralus  lumbonim ;  i 
tvniDs;  Ii.  N.  luiiibiiiiiKuiiialis :  p,  ramus  miUM'ularit 
CUUnrUB  f^moria  IstprBlw  :  i.  mniiig  nmscularin  to  M.  iliariia ;  ip.  ramus  nn" 
rularis  to  M.  ilioptuas :  O.  X.  femoral  is  :  oa,  N.  obturatorius  an^^worios:* 
N.  obtuiatoriUB :  gi.  N.  ^lutipus  SDpprior;  pi,  ramus  musrularift  to  M.  pin- 
foTmis ;  />.  S.  peronfpas ;  in,  N.  glattpiu  inrvrior ;  Ti.  S.  tibialis  ;  j(,  rami  m"* 
Culnix'H  to  Mm.  Ht'ian-s  cmris ;  q.  nmUH  muscularis  to  M.  quadistus  fnacn 

and  M.  tcpmplliu  infrtior;  m.  ramus  miLsculari'  '"  "     "" """* 

M.  gpou'llus  siiwri 


«  H.  obtaratur  intrniiitul 

„  5 -, posleriiir;  cm.  N.  cut.  rlnt 

inf.  mi-dialin  <N.  prrforaos  lift.  tu)i<-ru«>.!turnimi ;  pa.  N.  puiicndUB:  h.  > 
haimorrhiiidiilis  f  It. ;  1.  ramus  niu^vularis  li>  M.  levator  ani ;  t,  ramua  mwrt- 
larln  to  U.  coceygeun ;  a.  b.  Xd.  anococcfgvi. 
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injared  near  the  periphery,  from  that  to  be  tniule  out  in  a 
case  in  which  one  of  the  strands  of  a  nerve  plesus  is  iuTolred, 
and  the  distribution  in  both  these  instances  will  again  he 
quite  diSerent  from  that  met  with  in  lesions  of  a  dorsal  root 
of  a  spinal  nerve.  Finally,  lesions  of  the  intramedullary 
continuations  of  the  dorsal  roots,  owing  to  deviations  in  the 
paths  followed  by  individual  bundles  arising  from  a  given 
root,  will  yield  distnrbauces  in  sensation  quite  different  in 
distribution,  and  probably  also  in  the  qualities  of  sensation 
interfered  with,  from  those  met  with  in  any  extramedullary 
lesion. 

The  cutaneous  distribution  of  the  peripheral  sensory  nerves 
has  been  tolerably  carefully  worked  out  by  means  of  (1)  dis- 


FlQ,  188.— The  a 


sections  on  the  dead,  (2)  experiments  on  living  animals,  and 
(3)  clinical  obaerrations  on  diseased  human  beings  followed  by 
careful  post-mortem  examination.     In  Figs.  188-190  the  main 
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II-  iiilanpnnii  nFirt*  of  the  Qpf  rxtmuly. 

'Icr  Aiiatumk-  di-s  M«pwhFii.  \ .  Aufl..  Leipi.. 

A.  vular  KUrtacv:  R  dnnal  sarfiuw.     «c.  Xn. 

Illarla;  r.in,  N.  culnncun  bnchii  tDedisli*;  ■ 


■  n«  of  upprr  arm  NippliFd  by  fun^ 
■tt'ivliit.  A  branch  of  the  N.  Ti(iii«ruli>- 


r.  palmarui  of  N.  nlaaru :  ■. 


•  ItniMo,  r,  ||Hiiil-AtlMi)''Ti>i>nM)i|pn  iind  mnlorischpn Gpbjete  desHim- 
ikI  Hill  hi' 1 1  III  nth  nil  rrvnn  (Hn  Tiifpin).  Zum  Oebraucb  fOr  practiscfac  Aenu 
ml  Nliii1ln'ii>li'.     Wlivlwli'ii  (ISOS),  Hvo. 
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Fii;,  190.— ThcarMaoftheBkinsap- 
lilii.-d  by  the  ciitaueuuB  Di-rvut  of 
ilie  lower  eitremily.  A,  »«ntral 
Mirbce  :  B,  donwl  Hurbce.  <,After 
A.  Sauber,  Lehrbuch  dvr  Anatouiit 
■  Us  Uonai'heti.  V.  Aufl..  Lcipz,. 
lHSS,Bd.  11,8.632.  FiE.!»0.)  In  li 
liiEMlomaiii  fortheduraal  hranchrs 
111'  the  pluxuB  lumbo-mcntlis  is  uul- 
liat^  on  the  potiteiior surface  of  the 
t^ip.  the  braneli(!8  d.  L  bciiig  dorsal 
LntnuhtiS  of  tlie  Nn.  lumbali-s  {Ha, 
clUDJum  HQpc'rioreH) ;  d.  a,,  diirsii 
brasches  of  the  tin.  sacmlm  iNii. 
clunium  inruriurcsl ;  t. «.,  ureatup- 
pllvil  by  thit  N.  perfotaiu  lig.  tuber- 
iMU-wcruni ;  Hi.,  N.  iliohypogiutri- 
cUB  ;  s.  wrea  uf  dwtributiiiD  uf  tlit 
N.  llio-Inguinnlia  and  N.  apennati- 
nineitsniUB;  I.i.,  N,  lumbo-ingui- 

pD,  l;ii<-(ttliH  ;  c.tT.,  rami  ciitanei  anle- 

'^'  riores  of  N.  femoralia ;  o,  N.  obtu- 

DS;  cp..  K.  cutaneUH  fetooiis  poat<ttinr ;  ».,  N.  sapheDus;  ji.a.,  lateral,  p.m., 
Kor  branch  of  H.  pcroiueus  to  the  leg ;  m,.  N.  suralia ;  p.a.,  N.  peruosUB 
flcialis  (N.  culanrusdorsalii' mediulUet  N.  cutantua  dorsal  is  intemiedius  et 
ligitslcs  domiss  |H'diB} ;  p.p..  N.  prroDWUS  pn)fiiiidUB(Nii.  digilulca  doreales. 
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know  from  the  studies  of  Blix,*  Goldficheider,  f  Ton  FreT,J 
and  y.  Henri  tl^t  at  least  four  qualities  of  sensation— coid, 
warmth,  touch,  and  pain — are  mediated  by  the  skin  and  appar- 
ently by  means  of  specific  sense  organs,  it  is  important  that 
the  surface  of  the  body  be  reworked  to  determine  whether  or 
not  the  peripheral  areas  are  identical  for  the  different  sense 
qualities.  As  we  shall  see  in  a  few  moments,  the  segmental 
areas  at  least  appear  to  be  somewhat  different  for  the  different 
qualities  of  cutaneous  sensation. 

The  study  of  the  sensory  areas  of  the  surface  correspondiii^ 
to  the  dorsal  roots  of  the  spinal  nerves,  in  addition  to  its  high 
clinical  importance,  has  excited  so  much  interest  and  has  been 
prosecuted  in  so  many  ingenious  ways  that  a  brief  synopsis 
of  the  researches  and  a  statement  of  the  present  status  of 
knowledge  and  belief  in  this  connection  may  not  be  out  of 
place. 

As  early  as  1849  Eckhard*  stated  as  a  result  of  a  fev 
experiments  that  the  field  of  skin  to  which  a  sensory  root 
goes  is  not  exactly  that  which  oyerlies  the  muscles  which  are 
supplied  by  the  corresponding  motor  root.  This  research  wu 
soon  followed  by  another  from  the  same  laboratory,  this  time 
from  Peyer.|  This  investigator  sectioned  all  mixed  nerre 
stems  except  the  one  which  he  was  studying,  and  then  ap- 
plied mechanical  and  thermal  stimuli  to  the  skin.  He  came 
to  the  conclusion  that  in  the  skin  of  the  fore-limb  the  fields 
of  the  individual  spinal  nerve  roots  more  or  less  overlap  one 


*  Bliz,  M.  Ezperimentelle  Beitrftge  zur  Ldsung  der  Frage  ueber  die 
Bpecifische  Energie  der  Hantnenreo.    Ztschr.  f.  Biol.,  Bd.  xx  (1884),  S.  141. 

f  Ooldscheider,  A.  Gesammelte  Abhaodlungen  neber  die  Physiologie  des 
Muskelsinnes.     Leipz.  (1898). 

X  von  Prey,  M.  Beitrftge  zur  Sinnesphysiologie  der  Haiit,  i,  ii,  iii,  it, 
Leipz.  (1804-'97).  Aus  den  Berichten  der  math.-phjs.  CI.  d.  k.  Sachs. 
Oesellsch.  der  Wissensch.,  July  2  and  Dec.  3, 1894,  March  4, 1895,  and  Aug.  2, 
1897.  Also,  Untersuchungen  ueber  die  Sinnesfunctionen  der  rnenschlicheo 
Haut.  Erste  Abhandlung.  Druckempfindung  und  Schmerz.  AbbandL  d. 
math.-phys.  CI.  der  k.  Sachs.  Gesellsch.  d.  Wissensch^  Leipz^  Bd.  xxiii 
(1896),  No.  iii,  S.  175-266. 

*  Eckhard,  C.  Ueber  Reflexbewegungen  der  vier  letzten  Xervenpaare  des 
Frosches.    Ztschr.  f.  rat.  Med.,  Heidelb.,  Bd.  vii  (1849),  S.  281-310. 

I  Pejer,  J.  Ueber  die  peripherischen  Endigungen  der  motorischen  und 
sensiblen  Fasem  der  in  den  Plexus  brachialis  des  Kaninchens  eintretenden 
Nervenwurzeln.    Ztschr.  f.  rat.  Med.,  Heidelb.,  2  R.,  Bd.  It  (1854),  S.  52-77. 
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another.  He  believed,  however,  that  the  territory  innervated 
by  a  sensory  dorsal  root  corresponds  approximately  to  the  skin 
which  covers  the  muscles  innervated  by  the  corresponding 
motor  ventral  root. 

The  admirable  researches  of  Krause  *  show  how  much  can 
be  done  by  simple  dissection  and  dissociation.  Krause  also 
used  the  so-called  reflex  method  and  followed  besides  the 
degeneration  of  nerve  fibres  after  section  of  the  nerves.  His 
studies  are  of  great  importance  in  the  history  of  localization, 
and  must  be  carefully  considered  by  every  one  investigating  in 
this  field.  His  conclusions  regarding  the  fifth,  sixth,  seventh, 
and  eighth  cervical  roots  in  the  main  still  hold. 

A  very  important  contribution  to  knowledge  is  to  be  found 
Id  the  research  of  Turck,|  who  worked  out  in  detail  the  areas 


Fig.  191,— Diagnmof  the  pmition  of  thp  nipple  in  the  sensory  skin  fieMs  of  the 
4th.  3d.  and  Sth  thoiwic  spinal  rontn.  The  ovrrlnppinE  at  the  ctitaneous 
areas  is  represented.  (Attvi  C  8.  Sherrington,  Phil.  Tr.,  Lond.,  B.,  1883, 
vol.  cliiiiv.  1894,  p.  737.) 

for  the  spinal  nerves  in  the  dog  from  the  level  of  the  fourth 
cervical  to  that  of  the  fourth  sacral.  His  results  are  very 
nearly  in  accord  with  those  of  the  more  recent  studies,  and  it  is 
rather  curious  that  they  have  not  attracted  the  attention  of 
anatomists  in  general.     This  appears  to  be  due  in  large  part. 


*  KrauM.  W.  Beitrajre  itur  "ij-st^matischpn  Neurologic  Jes  mensehliehen 
Amies.  Arch.  f.  Anat..  Phrsiol.  u.  nissensch.  Med.,  Leipz.  (1864).  S.  34ft- 
S57; — Beitrfige  lur  Neurolngie  der  oberen  Kxtremitflt  4",  Leipz.  ii.  Heidelb. 
(186.'S). — Die  Anatnmie  des  Kaninchen.  in  topograph ischer  und  opcrativer 
Rucksicbt  beartx-itet.     2.  Aufl..  Leipz.  (1884).  8vo. 

f  Tnrck,  L.  Vorlaiifijre  Erpebnisse  yon  Eiperimental-Uiitereuchungen 
lar  Rrmittelung  der  Haut-Sensibilit&tsbe^irke  der  einzelnen  Rdckenmarks- 
NerTenp»ftre.  .Sitzungsb.  d.  k.  Akad.  d.  Wissenseh.  Math.-nalurw.  CI.,  Wien 
<1856),  a  3;  also  Denkschr.  d.  Wiener  Akad..  Bd.  xiiii  (1869). 
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as  Sherrington  points  out,  to  the  difficulty  of  understanding 
the  experimental  notes  and  drawings  left  by  Turck,  and  pub- 
lished posthumously.     Tiirck  made  out  distinctly  the  bandliie 
areas  of  distribution,  but  probably  went  too  f«ir  in  stating  tk 
each  spinal  nerve  has  an  area  of  skin  belonging  to  it,  whicli  u 
supplied  by  it  exclusively.     He  recognized,  however,  that  idmj 
of  the  spinal  nerves  have  a  field  which  they  supply  in  commoD 
with  some  other  spinal  nerves,  and  he  even  made  out  thut  tk 
nerves  of  the  upper  and  lower  extremity  have  no  exclusive  area 
but  only  common  ones. 

Of  the  recent  studies  may  be  mentioned  those  of  Walsb,^ 
Ilerringham,t  Paterson,J  Sherrington,*  and  others. 

Sherrington's  studies  are  most  painstaking  and  elaborate, 
and  include  experiments  upon  a  large  number  of  frogs,  cats, 
and  monkeys.  He  proceeded  as  follows :  Finding  that  section 
of  a  single  root  did  not  cause  complete  anaesthesia  anywhere, 
but  only  a  diminution  of  sensation,  in  order  to  determine  tk 
exact  peripheral  area  of  distribution  of  the  dorsal  root  of  i 
given  spinal  nerve  he  cut  two  or  three  roots  above  and  belof 
the  root  in  which  he  was  interested.  Thus,  to  determine  the 
area  ol  distribution  of  the  fourth  thoracic  root  he  wonld  cut 
the  second  and  third  thoracic  root«  and  the  fifth  and  siitli 
thoracic  roots,  while  to  determine  the  area  of  distribntion  i 
the  third  thoracic  root  he  would  cut  the  first  and  second  tho- 
racic n¥)ts  and  the  fourth  and  fifth  thoracic  roots,  and  soon. 
The  sone  in  which  sensation  still  existed  conld  be  detennineii 
by  testitlg  for  reflex  response.  He  found  that  the  field  of  skin 
belonging  to  each  sensory  spinal  nerve  root  overlaps  the  skin 
fields  of  the  neighboring  spinal  nerve  roots  to  a  remark# 
extent.  *•*'  The  disposition  is  such  that  the  field  laps  to  a  eertiin 
extent  over  the  field  of  the  root  or  roots  immediatel?  in  front 


*Wjil5*,  J,  The  Anatomr  uf  the  Brachial  Plexus.  Am.  J.  M*- 
Phila..  n.  9..  vol.  Ixxiv  (18T7).  p.  :i87-390. 

t  H^rrUi^haiu,  W.  P.  The  Minute  Anatomy  of  the  Brachial  PJeia 
Proe.  Roy.  Sue.  Loiid.,  vol.  xli  a«86).  pp.  423^1:  also  PhiL  Tr.  U»>- 
vUwii  (ts^?). 

t  Paterstui,  A.  M.  The  OriKm  and  Dxstribation  of  the  Nfrmtotk' 
Lower    Limb,    J,  Auat.  nod   Physiol..   Lond^   toL   xxriii  (1898-HR^ 

•  Shcri  jiigtoit,  C.  S.  ICxiJvriments  in  Examinatioa  of  the  Vtn^ 
bijihibulioii  of  the  Fibre*  of  the  Pf^sterior  Roots  of  some  Spfaiil  ^*'"* 
t*hil.  Tt.  Loi»a.  a<)  for  the  Year  18tt3»  rol.  eUxJtiv.  LomL(18W)»  pp.  641-^ 
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• 
id  to  a  certain  extent  over  the  field  of  the  sensory  roots 
ately  behind  it.     These  two  overlaps  may  be  termed 
vely  the  anterior  overlap  and  the  posterior  overlap  of  a 
root  field  "  (Eig.  191). 

Tington  further  finds  that  although  in  a  plexus  each 
lerve  root  affords  separate  contributions  to  several  nerve 
the  cutaneous  distribution  of  the  root  is  composed  not 
jined  patches  but  of  patches  so  connected  with  one 
"  that  the  distribution  of  the  entire  root  forms  a  con- 
field. 

m  at  its  simplest,  as  in  the  thoracic  region,  the  shape  of 
Emeous  field  of  a  dorsal  root  is  that  of  a  horizontal  band 
most  parallel  edges,  wrapping  half  way  around  the  body 
1  the  mid-dorsal  and  mid-ventral  lines  (Figs.  192, 193). 
mple  zonal  shape  is  departed  from  in  many  places, 
probably  to  the  modification  which  the  body  segments 
idividually  undergone  in  the  development  of  the  con- 
on  of  the  animal.  This  deviation  from  the  simple  and 
figure  is  due  in  vertebrate  forms  largely  to  the  out- 
of  the  limbs,  but  with  care  the  root  fields  can  be  toler- 
icurately  defined  in  the  upper  and  lower  extremity, 
le  zones  run  approximately  parallel  to  the  long  axis  of 
b,  which  is  not  surprising  when  the  mode  of  origin  of 
b  in  the  embiyo  is  considered. 

ex  reaction  is  much  less  easily  elicited  near  the  edge 
d,  in  Sherrington's  experiment,  than  in  other  parts  of 
inal  field. 

ddition  to  the  anterior  overlap  of  a  sensory  spinal  skin 
:o  segmental  fields  anterior  to  it,  and  the  posterior  over- 
)  fields  posterior  already  mentioned,  each  one  of  these 
AS  crossed  overlaps  passing  into  the  fellow  field  of  the 
e  half  of  the  body,  both  at  the  mid-dorsal  and  at  the 
itral  line.  Since  the  fore  and  aft  overlaps  are  very 
,  Sherrington  concludes  that  each  point  of  skin  through- 
body  is  supplied  by  at  least  two  sensory  spinal  roots,  in 
gions  by  three.  Sherrington  denies  that  the  cutaneous 
f  the  sensory  spinal  roots  correspond  closely  with  the 
I  distribution  of  the  motor  roots  in  the  skeletal  muscles. 
X38  further  that  the  sensory  spinal  fields  do  not  corre- 
rith  the  fields  of  cutaneous  distribution  of  the  motor 
judged  of  by  the  pilo-motor  fibres  of  those  roots.     On 


Flo.  192.— OutanemiHacldsnrclunwl 
anteriiir  biinlcrs  nf  thi 
bordtini  i>u  thu  rivht  half.    {AtKi 
PI.  50. ) 


unwl  ruutH  of  Kpiiiul  ■urvm  of  mopkef'  z^^e 
fl«l(lBHr..  iiiark.-ci  on  the  left  l«lf  uf  ib/^Sf 
After  L'.  8.  SlicrringtuD,  Pbil.  Tr,,  Uoi-  "* 
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the  other  hand,  the  pilo-motor  fields  of  the  sympathetic  ganglis 
and  the  cutaneous  sensory  fields  do  correspond. 

A  more  recent  and  apparently  very  extensive  paper  by  Sher- 
rington I  have  thus  far  been  able  to  consult  only  in  abstract* 
In  this  article  Sherrington  discusses,  in  addition  to  his  experi- 


Fig.  194.— Mode  of  distribution  of  the  dorsal  root  fibres  of  the  lower  cervicil  iirf 
thoracic  nerves.  (After  W.  Thorbum,  from  A.  van  Gehnchten's  Anatomie 
du  systdme  nerveux,  etc. ) 


mental  studies  of  the  distribution  in  the  skin  and  muscles  of 
the  Nn.  cervicales  and  upper  Nn.  thoracales  of  monkeys,  the 
results  of  some  investigations  which  concern  the  N.  trigeminal 
and  also  the  behavior  of  the  spinal  reflexes  in  total  transvene 


•  Sherrington,  C.  S.  Experiments  in  Examination  of  the  Peripheral  Dfe- 
tribntion  of  the  Fibres  of  the  Posterior  Roots  of  some  Spinal  Nerrcs.  Pirt 
II.  Phil.  Tr.  Lond.,  B.  (1898),  vol.  cxc,  pp.  45-18fi.  Abstr.  by  L.  Brum  in 
Neurol.  Centralbl.,  Leipz.,  Bd.  xvii  (1808),  S.  1041-1046, 
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eeioQ.  SbeiringtoD  has  employed  largely  his  method  of  "re- 
nainitig  aDfesthesia  "  in  order  to  avoid  the  coofuBion  resulting 
'rom  "overlapping."  Electrical  stimulation  and  studies  of  de- 
fenerated  fibres  by  osminm  blackening  were  also  made. 

So  far  as  the  subject  now  being  considered  is  concerned,  the 
lecond  chapter  of  his  article  interests  ua  most — that  dealing 
vith  the  relation  of  segmentation  to  the  innervation  of  the  ex- 
tremities. On  superficial  examination  one  might  be  led  to 
>elieTe  that  considerable  differences  exist  as  regards  the  limbs 
n  the  areas  of  distribution  of  the  motor  ^nd  sensory  roots  of 
|iven  spinal  nerves.    The  areas  of  motor  distribution  form  con- 


F'la.  196.— Mode  of  diittribation  of  tlit  dorwil  nn>t  flbrcs  of  thi'  lower  rcrvicsl 
ncr^-ts  and  of  rlip  thoracic  nprvcs.  (After  W.  Thorburn,  from  A.  too  Ge- 
buchlen'9  l«zt-huuk. ) 

tinaons  zones,  all  beginning  at  the  middle  line  of  the  trunk 
and  extending  for  a  longer  or  shorter  distance  into  the  extremi- 
ties— that  is  to  say,  the  same  ventral  roots  of  spinal  nerves 
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which  innervate  muscles  at  the  tips  of  the  extremities  also  in- 
neryate  some  muscles  of  the  trunk.  The  areas  of  distribution 
of  the  dorsal  roots  (sensory)  appear,  on  the  contrary,  to  be 
separated  entirely  from  the  trunk;  thus  the  cutaneous  arets 
supplied  by  the  seventh  and  eighth  cervical  roots  and  by  the 
first  thoracic  root,  for  example,  nowhere  reach  the  tnmL 
Sherrington  proves,  however,  that  this  difference  exists  only 
between  skin  nerves  and  motor  nerves,  not  between  sensory 
nerves  in  general  and  motor  nerves,  for  though  the  sensoTT 
dorsal  roots  above  referred  to  supply  no  portion  of  the  skin  of 
the  trunk,  they  do  send  sensory  branches  to  the  muscles  and 
other  subcutaneous  structures  there.  Thus  the  areas  of  senson 
distribution  also  form  continuous  zones  involving  both  trnni 
and  extremity.  The  sensory  nerves  for  given  muscles  always 
originate  in  the  spinal  ganglia  of  the  segments  which  correspond 
to  the  motor  nerves  to  the  same  muscles.  Sherrington,  irith 
Mall,  is  of  the  opinion  that  the  best  guide  to  the  understand- 
ing of  the  structural  relations  in  an  extremity  (arm  or  leg)  is  tx) 
be  found  in  the  neural  distribution.  His  studies  show  the  fol- 
lowing :  (1)  The  degree  of  overlapping  of  cutaneous  areas  of 
individual  dorsal  roots  varies  greatly,  being  much  more  marked 
in  the  extremities  than  in  the  trunk.  (2)  The  intermixing  of 
the  fields  of  dorsal  roots  is  very  much  greater  than  that  of  the 
peripheral  nerve  trunks,  even  in  the  hand  and  foot.  Thns, 
while  there  is  very  little  overlapping  of  the  areas  supplied  by 
the  N.  medianus,  N.  ulnaris,  and  N.  radialis,  yet  when  the  in- 
nervation of  the  hand  by  dorsal  roots  is  examined  it  is  found 
that  a  large  middle  area  of  the  hand  and  fingers  is  supplied  by 
all  three  of  the  seventh  and  eighth  cervical  and  first  thoracic 
dorsal  roots.  (3)  A  certain  parallelism  between  the  overlap- 
ping of  the  skin  areas  of  the  various  dorsal  roots  and  the 
anastomoses  between  the  derivatives  of  different  roots  in  single 
muscles  is  recognizable.  Thus,  in  the  extremities  very  f^' 
muscles  are  monomeric  (unisegmental),  the  majority  beinf 
polymeric  (two,  three,  or  four  segments).  The  intercostal 
muscles  are  monoiheric.  The  muscles  of  the  hand  and  foot 
on  the  contrary,  exhibit  the  most  marked  mixfng  of  motor 
roots  from  different  segments.  (4)  As  regards  the  functionil 
significance  of  the  overlapping,  Sherrington  thinks  there  is 
none ;  the  anastomoses  have,  on  the  contrary,  a  morphologicti 
basis. 
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In  this  connection  it  is  interesting  to  compare  with  the 
results  of  experiments  on  animals  the  findings  of  clinicians  in 
pathological  human  cases.  We  refer  to  the  researches  of  Thor- 
hum,*  RosSyf  Dana,^  Starr,*  Mackenzie, ||  Head,-^  Kocher,^  and 
dishing.^ 

Thorbum's  studies  refer  mainly  to  the  peripheral  distribu- 
tion in  human  beings  of  the  fibres  of  the  dorsal  roots  of  the 
plexus  ceryicalis  and  of  the  plexus  lumbo-sacralis  and  their 
corresponding  segments  in  the  spinal  cord.  His  studies  are 
based  mainly  upon  cases  of  traumatic  injury  to  the  spinal  cord, 
and  his  results  are  illustrated  in  the  accompanying  figures. 
Starr's  valuable  analysis  of  a  vast  amount  of  clinical  material  is 
epitomized  in  the  table,  introduced  in  Chapter  L V,  in  which  the 
lower  motor  neurones  are  discussed. 


*  Thorbuin,  W.  Cases  of  Injury  to  the  Cervical  Region  of  the  Spinal 
Cord.  Brain,  Lond.,  vol.  ix  (1886-'87),  pp.  510-543.— On  Injuries  of  the 
Cauda  Equina.  Brain,  Lond.,  vol.  z  (lB87-'88),  pp.  381-107.— Spinal  Local- 
izations as  indicated  by  Spinal  Injuries.  Brain,  Lond.,  vol.  xi  (188&-'89), 
pp.  289-324. — The  Distribution  of  Paralysis  and  Anassthesia  in  Injuries  of 
the  Cervical  Region  of  the  Spinal  Cord.  Brit.  M.  J.,  Lond.  (1888),  vol.  ii, 
pp.  1382-1385. — A  Contribution  to  the  Surgery  of  the  Spinal  Cord.  Phila- 
delphia (1889). 

f  Ross,  James.  On  the  Segmental  Distribution  of  Sensory  Disorders. 
Brain,  Lond.,  vol.  x  (1887-'88),  pp.  333-361. 

X  Dana,  C.  L.  A  Clinical  Study  of  Neuralgias,  and  of  the  Origin  of 
Reflex  or  Transferred  Pains.    N.  Y.  Med.  J.,  vol.  xlvi  (1887),  pp.  121-127. 

*  Starr,  M.  Allen.  Local  AnsBsthesia  as  a  Guide  in  the  Diagnosis  of 
Lesions  of  the  Lower  Spinal  Cord.  Am.  J.  Med.  Sc.,  Phila.,  n.  s.,  vol.  civ 
(1892).  pp.  15-35 ;  and  Local  Aniesthesia  as  a  Guide  in  the  Diagnosis  of  Le- 
sions of  the  Upper  Portion  of  the  Spinal  Cord.  Brain,  Lond.,  vol.  xvii 
(1894).  pp.  481-512. 

I  Mackenzie.  J.  Contribution  to  the  Study  of  Sensory  Symptoms  Asso- 
ciated with  Visceral  Disease.  Med.  Chron.,  Manchester,  vol.  xvi  (1892),  pp. 
203-^22. 

^  Head,  H.  On  Disturbances  of  Sensation  with  Especial  Reference  to 
the  Pain  of  Visceral  Disease.  Brain,  Lond.,  vol.  xvi  (1893),  pp.  1-133; 
ibid.,  vol.  xvii  (1894),  Part  III,  pp.  33^-480;  and  ihid,,  vol.  xix  (1896), 
pp.  153-276. 

9  Kocher,  T.  Die  Verletzungen  der  Wirbels&ule  zugleich  als  Beitrag  zur 
Physiologic  des  menschlichen  RUckenmarks.  Mitt.  a.  d.  Grenzgeb.  d.  Med. 
a.  Chir.,  Jena,  Bd.  i  (1896),  S.  415-480. — Die  LSsionen  des  RtLckenmarks  bei 
Verletzungen  der  Wirbelsftule.    Ibid.,  S.  481-660. 

{  Cushing,  Harvey  W.  Hiematomyelia  from  Gunshot  Wounds  of  the 
Spine.    Am.  J.  M.  Sc.,  Phila.,  vol.  cxii  (June,  1898). 
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The  paper  of  Ross  ia  brimfal  of  enggeetiv-eoesB,  and  Bhoald 
be  read  by  every  one  who  wishes  to  enter  at  all   thorooghlj 


Fro.  198.— Mode  of  distribution  ofti 

nerven.     lAfttr  W.  Thorbam,  frum  \.  n 
tral  axpect ;  B.  doraal  aspet't. 

into  the  bibliography  of  seneory  localization.  Scarcely  lea 
interesting  are  the  accurate  observations  of  Dana  with  regard 
to  the  pain  accompanying  visceral  diseaee,  and  Starr  is  right 
in  his  complaint  thut  too  little  attention  has  been  paid  to 
Dana's  studies  in  sabseqnent  investigations  upon  the  same 
subject.  A  comparison  of  Dana's  diagrams  (Figs.  197,  198) 
with  those  of  Head,  Thorbum,  Starr,  and  others,  show  hov 
closely  the  ideas  of  a  later  date  correspond  with  those  advanced 
by  him  in  1887. 
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The  extended  studies  of  Head  are  very  ingenious,  and  have 
attracted  widespread  attention.  He,  like  Clifford  Allbutt,  Ross, 
Dana,  and  others,  had  noticed  that  the  cutaneous  tenderness 
(pathological  associated  sensations)  accompanying  certain  dis- 
orders of  the  stomach  tend  to  occupy  definite  tracts  of  skin 
with  definite  borders.  This  led  him  to  investigate  the  pain 
and  accompanying  tenderness  consequent  upon  disturbances  of 
other  organs,  and  he  found  that  these  sensory  disturbances  also 
followed  definite  lines.  Stimulated  by  the  suggestive  papers  of 
Ross,  he  thought  it  probable  that  these  areas  might  bear  some 
definite  relation  to  nerve  distribution,  and  with  this  in  view 
studied  the  distribution  of  a  large  number  of  cases  of  herpes 
zoster,  hoping  that  they  might  throw  some  light  upon  the  sig- 
nificance of  the  tender  areas  in  visceral  disease.  To  his  surprise 
he  found  that  the  areas  occupied  by  herpes  zoster  corresponded 
exactly  to  those  with  which  he  was  familiar  in  visceral  disturb- 
ances. Further  study  showed  that  the  areas  represented  the 
distribution  of  either  a  single  nerve  root  or  a  segment  of  the 
spinal  cord.    ' 

Head  inclines  to  the  view  that  the  distribution  of  the  nerve 
roots  is  somewhat  different  from  the  distribution  for  the  seg- 
ments inside  the  spinal  cord.  His  reasons  for  thinking  so  are 
briefly  these :  Whereas  Sherrington  found  that  the  areas  of  cuta- 
neous supply  from  any  two  roots  definitely  overlapped,  Head 
states  that  his  areas  do  not  overlap  at  all,  or  if  so,  only  very 
inconsiderably.  Sherrington's  areas,  it  is  true,  apparently  repre- 
sent the  root  supply  for  the  sensation  of  touch,  while  Head's 
^reas  correspond  rather  to  pain  sensations  and  trophic  sensa- 
tions. It  might  be  assumed  that  whereas  the  distribution  of  the 
fibres  for  the  sensation  of  touch  in  the  various  dorsal  roots  over- 
lap considerably,  those  for  pain  do  not  overlap.  Sherrington, 
however,  states  expressly  that  he  used  touch  and  pain  stimuli 
indifferently  as  a  test  for  the  presence  or  absence  of  sensation, 
Qind  Head  feels  sure  from  his  observations  in  five  instances  of 
surgical  division  of  a  single  dorsal  root  in  man  that  not  only 
^as  there  absence  of  anaesthesia  to  touch  after  division,  but  in 
most  instances  the  sensation  of  heat,  pain,  and  cold  was  also 
not  materially  disturbed.  Head  believes,  therefore,  that  where- 
as Sherrington's  areas  represent  the  true  root  supply,  his  areas 
<5orrespond  to  the  supply,  not  of  roots,  but  of  segments  of  the 
spinal  cord  from  which  the  roots  in  part  arise.     He  believes 


Fig.  m.-Krferwd  i«in  in  vl«^™l  diBtartonc<«.     (AtWr  Q  L.  Dm*  K.l 
Med,  Jour,  for  July  80,  1B87,  p.  1B»- } 
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Fio.  199. — Areas  of  pain  senRation  in  visceral  diseaae.^  (After  H.  Head,  tt 
from  W.  (38lcr,  The  Principles  and  Practice  of  Medicine,  3d  ed.,  N.  Y.,  t 
p.  910,  Fig.  7.) 
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VII 


200. — Areas  of  pain  sensation  in  visceral  disease.    (After  H.  Head,  taken 
■om  W.  Osier,  Tne  Principles  and  Practice  of  Medicine,  3d  ed.,  N.  Y.,  1898,. 
911,  Fig.  8.) 
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that  the  mechanism  for  the  sensation  of  touch  in  the  various 
spinal  segments  must  overlap,  while  that  for  the  sensations  of 
pain,  heat,  and  cold  does  not  overlap,  at  any  rate  to  the  same 
extent.  The  areas  as  outlined  by  Head  are  indicated  in  the 
accompanying  diagrams  (Figs.  199,  200). 

The  localization  within  the  spinal  cord  can  not,  however,  be 
said  to  be  satisfactorily  settled,  and  much  research  is  still 
necessary.*     The  clinicians  often  have  considerable  difficulty 

ABC 


Supra- 
clavicular. 


Medial 
cuianeoug 


-Axillary. 


.  Above  S  a 


Medial 
cutaneouM 


v^ 


Lateral 
cutaneous. 


Talmar 

uinar- 


Ulnar 


^.^.^Ji^mar 

median. 

Radial. 


Median. 


mm 


son. 


.Cj6 


FiQ.  aoi. — ^Types  of  axueethesia.  A,  peripheral  ^  from  Haaae) ;  B,  spinsl,  n^ 
type  of  C^hipauU  (from  Koeher)  ;  C,  cerebral,  medullary  type  of  Chiptolt 
{tiom  Brissaud).     (After  P.  C.  Knapp,  Tr.  Amer.  Neurol.  Aaioc.,  1897.) 

in  deciding  as  to  the  site  of  a  lesion  which  causes  disturbances 
of  sensation.  These  difficulties  have  recently  been  discussed 
in  an  instructive  paper  by  Knapp.f  It  is  especially  in  cases  of 
syringomyelia  that  the  findings  may  be  puzzling.    In  the  disr 


*  An  interesting  recent  paper  is  that  of  C.  £.  Beevor,  The  Distrihotice 
of  Motor  and  Sensory  Symptoms  from  Injury  to  the  Roots  of  the  Bradittl 
Plexus.    Tr.  M.  Soc,  Load.,  vol.  xix  (1896),  pp.  72-79. 

t  Knapp,  P.  C.  Anesthesia  in  Diseases  of  the  Spinal  Cord.  Tr.  An. 
I^earoL  Ass.  for  1897.    New  Yortt  (1898),  p.  81. 
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Fio.  902. — Begiones  corporis  hnmAnt    (After  W.  His,  Die  anatomische  Nomen- 

clatar,  Leips.,  1885,  Taf.  i. ) 
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Flo.  1808,— Rt'giuacti  corporis  hunmni.     (ArtvrW.  His^  Die 

cUtur.  LvipiL.  li*W&.  Tsi£.  ii.  i 
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gram  (Fig.  201),  combined  by  Knapp  from  various  sources,  the 
so-called  peripheral,  spinal,  and  cerebral  types  of  anaesthesia  in 
the  left  arm  are  indicated.  A  lesion  of  the  cerebral  type  can 
be  due  not  only  to  diseases  of  the  cerebrum,  but  to  lesions  in- 
side the  spinal  cord. 

That  the  areas  of  cutaneous  sensory  disturbance  do  not  cor- 
respond to  the  regions  on  the  surface  of  the  body  which  have 
been  defined  by  the  topographical  anatomists  will  be  clear  from 
the  accompanying  diagrams,  which  are  here  introduced  for  con- 
Tenience  of  reference  (Figs.  202,  203). 


(A)  Centripetal  Neurones  of  the  First  Order  collecting  Bodily 

Impressions. 


CHAPTER   XXVIII. 

PERIPHERAL  CENTRIPETAL  NEURONES. 

Relations  of  peripheral  centripetal  neurones  to  the  central  nervous  system— 
The  sensory  spinal  nerves — The  sensory  cerebral  nerves. 

The  neurones  collecting  bodily  impressions  will  first  be  de- 
scribed. Part  of  them  are  connected  with  the  spinal  cord,  the 
remainder  with  the  rhombencephalon.  There  are,  as  CTery  one 
knows,  thirty-one  pairs  of  spinal  nerves,  including  eight  cervical, 
twelve  thoracic,  five  lumbar,  five  sacral,  and  one  coccygeal  (Fig. 
204).  If  we  include  the  two  rudimentary  coccygeal  nerves,  which 
Rauber  has  described,  the  total  number  is  increased  to  thirty- 
three.  All  of  the  spinal  nerves  have  ganglia  upon  their  dorsal 
roots  (Fig.  205).  It  is  in  these  ganglia  that  the  cell  bodies  of 
the  spinal  peripheral  sensory  neurones  are  situated.  Of  the 
cerebral  nerves  not  all  possess  sensory  functions ;  outside  of 
the  organs  of  special  sense  only  those  which  are  provided  with 
ganglia  in  their  course  are  known  to  carry  centripetal  impulses. 
Excluding  the  nerves  of  special  sense — that  is,  the  olfactory, 
optic,  and  cochlear  nerves,  and  the  nerves  concerned  in  the 
sense  of  taste  (portions  of  the  glossopharyngeal,  trigeminus,  and 
nervus  intermedins) — we  have  left  as  sensory  cerebral  nerves  the 
sensory  portion  of  the  nervus  trigeminus  with  its  ganglion  semi- 
lunare  (Gasseri),  the  nervus  intermedins  of  Wrisberg  with  its 
geniculate  ganglion,  the  nervus  vestibuli  with  its  ganglion  res- 
tibuli,  the  nervus  vagus  with  its  ganglion  jugulare  and  ganglion 
nodosum,  the  nervus  glossopharyngeus  with  its  two  ganglia  (gan- 
glion superius  and  ganglion  petrosum),  and  occasionally,  per- 
haps, a  portion  of  the  hypoglossus  nerve,  since  in  the  embryo 
at  any  rate  it  is  sometimes  provided  with  a  sensory  ganglion 
(Froriep).  In  these  various  ganglia  are  situated  the  cell  bodies 
350 


Pio.  201— Spinal  cord  in  ronnectinn  above  with 
the  tn«lullaoblonKnlaaiid  pons.  (After  A.  Bauber, 
Lehrbnch  der  Anatumie  ae»  MpDwheii,  V.  Autl., 
I>-Ipi..  1SB8,  Bil.  ii.  8.  504.  Fig.  485.)  V.  Nervug 
trigrminna ;  .V//,  mrvun  hfpoKliiHiUB ;  G.  first  cer- 
Tical  nerve;  CSS,  xecond  tu eighth  cervical nervt^ ; 
T  ;-!?.  first  to  twelfth  thomcic  nerve  ;/,  7-5,  first  ti> 
filth  lumbar  aerr-e  1  «!  1-5,  fimt  to  fifth  bbcibI  nerve  ; 
6,  Nervus  coccygens:  i,  i.  filum  lerminale  of  the 
Rplnal  eord.  From  the  root  miirkod  Li  Ui  x.  cauda 
equina  1  Sr,  plexus  brarhialia ;  O,  Nervus  femo- 
iBlis;  Sr,  Nervua  ischiadirus;  O.  Nerviis  ohturato- 
riua;  the  enlargenii-nts  oppoaitc  L  3,  4.  and  5  rep- 
resent the  spinal  ganglia  on  the  dorsal  roots.  On 
the  left  aide  uf  the  figure  the  sympathetie  trunk  Is 
shuwD.  a  to  H  are  ganglia ;  a.  ganglion  rervicale 
BUperiUH ;  b  and  c,  ganglion  cervirale  medium  et  in- 
feriua;  d.  firat  thoracic  ganglion;  d',  last  thoracic 
ganglion  ;  1,  first  Itunbar  ganglion  ;  «,  Btst  ncral 
ganglion. 


*   ^**^S 


Via.  SOS.— Portions  of  the  pars  cerviealig  of  the 
spinal  cord  with  nene  roots.  (After  A.  Rauber. 
Lehrbnch  der  Anatomic  des  MensL-hen.  V.  Anfl.. 
Leipi..  IHOS.  Bd.  ii.  S.  383.  Fig.  248.  >  A,  Hpinal  cord 
Hetn  from  the  ventral  sarfiice.  On  the  right  side 
the  ventral  fila  radicularia  have  been  cut  thmugh. 
B.  apinal  rord  Keen  from  rhe  lateral  Mirface. — I. 
ventral  median  fiioure  ;  £.  di>n«l  median  siiK'ni; :  3. 
sulcus  lateralis  ventralis.  whenre  the  vcntnil  fila 
radicularia  emerge ;  i,  sulci  Interales  dor^les 
through  which  the  doTsal  root  fibresenler  the  spinal 
cord ;  5,  radii  ventralis  going  ptuit  spinal  ganglion 
cut  through  on  the  right  side  in  Fig.  A ;  G,  radix 
doisalis  emeraing  from  the  ganglion  BpinalelA"} ; 
7,  N.  spinalis  immediately  al^T  its  format iim 
through  the  union  of  the  nulix  ventralis  and  dor- 
wlU  dividing  into  7.  a  ramus  ventralis,  and  7'.  a 
ramus  domalis.  The  lanius  I'ommunii'Hns  and  the. 
ramus  meningeus  are  not  tibuwn  in  this  figure. 
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of  the  peripheral  sensory  neurones,  of  the  variety  nnder  disc 
sion,  pertaining  to  the  rhombencephalon. 

It  is  especially  to  be  noted  that,  if  we  leave  ont  th< 
gathered  from  the  viscera  by  means  of  the  sympathetic  nen 
all  the  impressions  collected  at  the  periphery  of  the  body  a 


Fig.  206.— Scheme  of  peripheral  spinal  sensory  neurone  showing  the  periphful 
process,  rf,  extending  to  a  peripheral  sensory  surface  D  and  a  centiul  »x«*t 
entt^ring  the  spinal  cord  through  the  dorsal  root  of  a  spinal  nerve  there  Wft"' 
eating  at  e  into  an  ascending  and  a  descending  limb  which  give  off  nomeii* 
collaterals.  The  cell  body  is  shown  in  the  spinal  ganglion  {;.  Other  vfi^ 
rones  are  schematically  shown,  but  need  not  be  considered  hew,  'Aftf'"^ 
Ram6n  y  Cnjal.  Les  nouvcUes  id^s,  etc.  Translated  by  Azoalav,  PJiris,  \^ 
p.  25,  Fig.  6.)  J  .. 

from  the  internal  organs  are  carried  into  the  central  nervoie 
system  (spinal  cord  and  brain  stem)  by  means  of  one  set  of  neo- 
rones  (Fig.  206).     The  total  number  of  individual  neuronf* 
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concerned  is  enormous,  but  there  is  no  superimposition  of  neu- 
rones in  the  mechanism  here  described.  A  centripetal  impulse 
originating  at  the  periphery  reaches  the  primary  end-station  of 
the  sensory  neurones  inside  the  central  nervous  system  after 
having  passed  through  only  one  neurone.  Although  for  the 
origin  of  any  given  sensation  centripetal  impulses  start  at  the 
periphery,  usually  in  a  considerable  number  of  different  neu- 
rones, each  of  these  extends  as  far  as  some  primary  end-station 
inside  the  central  nervous  system,  not  requiring  to  pass  through 
any  secondary  neurone  on  the  way.* 


*  This  is  in  all  probability  not  true  of  the  sensory  impulses  collected  by 
means  of  the  neurones  of  the  sympathetic  system ;  these  impulses,  it  is  prob- 
able, pass  through  a  chain  or  series  of  individual  neurones  before  arriving 
in  the  cerebrospinal  system.  They  are  carried  by  means  of  the  rami  com- 
municantes  into  the  dorsal  roots  of  the  spinal  nerves.  Their  further  fate  is 
not  yet  clear.  Some  of  the  sympathetic  azones  end  within  the  spinal 
ganglia  about  the  bodies  of  spinal  ganglion  cells,  and  the  centripetal  im- 
pulses which  they  carry  could  then  be  taken  into  the  spinal  cord  by  means 
of  the  central  prolongations  of  the  spinal  ganglion  cells.  It  has  been  as- 
serted by  some  investigators  that  a  certain  number  of  sympathetic  axones 
pass  from  the  rami  com  municantes  directly  through  the  ganglia,  or  past 
them  into  the  dorsal  roots  and  so  into  the  spinal  cord  without  interruption. 
More  research  is  needed  before  entirely  satisfactory  statements  can  be  made 
regarding  these  points. 


CHAPTER  XXIX. 

GENERAL   DESCRIPTION. 

The  spinal  ganglia — Bipolar  cells  in  embryo — Unipolar  cells  in  adult- 
Peripheral  sensory  fibres — ^Central  axones  to  dorsal  funiculi — Fibni 
exogenes  of  P.  Marie — Nuclei  terminales — Phylogenetic  studies— Tk 
structure  of  human  spinal  ganglion  cells — Studies  of  tod  Lenhoflsft, 
Lugaro,  and  Nissl. 

1.  Centripetal  Komonet  of  the  Fint  Order  (oolleetiiig  Bodily  Imptmdm) 

oonneoted  with  the  Spinal  Cord. 

The  perikaryons  of  all  the  sensory  neurones  that  we  are  de- 
scribing are  situated  outside  the  central  nervous  system  (in 
human  beings)  in  marked  contrast  to  the  cell  bodies  of  the  pe- 
ripheral motor  neurones,  which  are  situated  within  the  colnmiue 
griseae  of  the  spinal  cord.  In  Section  IV  the  embryological 
origin  of  these  neurones  has  been  described.  It  will  be  re- 
called that  in  the  human  embryo  they  appear  near  the  spinal 
cord  and  soon  come  to  occupy  positions  lateral  from  it.  At  a 
very  early  period  the  distal  and  central  processes  of  the  spinal 
ganglion  cells  are  recognizable.  It  has  also  been  pointed  ont 
that  there  is  a  gradual  transition  in  the  embryo  from  the  bi- 
polar condition  of  the  cells  to  the  unipolar  condition  which  is 
characteristic  of  the  adult.  In  considering  the  anatomical  dis- 
tribution and  physiological  function  of  these  peripheral  sensoiy 
neurones  their  bipolar  nature  has  ever  to  be  borne  in  mind,  the 
unipolar  condition  of  the  adult  being  the  result  simply  of  an 
attenuation  of  a  portion  of  the  cell  body,  doubtless  an  example 
of  adaptation  to  environment,  but  whether  for  economy  of 
room  or  for  improvement  of  nutritive  relations  we  do  not  know. 
It  has  been  stated  that  the  distal  process  of  the  spinal  gangli<Hi 
cell  grows  to  the  periphery  and  becomes  the  axone  of  a  periph- 
eral sensory  nerve  fibre,  or,  since  it  often  divides,  it  may  t*ke 
part  in  the  formation  of  many  peripheral  sensory  nerve  fibres. 
354 
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The  central  prolongation  of  the  spinal  ganglion  cell  grows  di- 
rectly into  the  spinal  cord.  The  total  mass  of  central  prolon- 
gations from  a  single  ganglion  forms  the  dorsal  root  of  one 
spinal  nerve  (Fig.  207).  The  dorsal  fasciculi  of  white  matter 
within  the  spinal  cord  are  hailt  up  in  the  main  of  the  intramed- 


^Kio.  207. — Sagittal  section  through  seven  spinal  ganglia  of  embryo  mouse,  10  mm. 
long.  Cervical  region.  Method  of  Golgi-Ramon,  double  imprecj^nation. 
Preparation  and  drawing  by  C.  H.  Bunting,  d.  r.f.,  dorsal  root  fibres ;  G.fp., 
ganglion  spinale  ;  M.8.,  medulla  spinalis. 

Hilary  prolongations  of  the  dorsal  root  fibres.  They  are  thus 
formed  chiefly  of  fibres  extrinsic  or  exogenous  to  the  cord 
(^fibres  exogdnes  of  P.  Marie).  These  dorsal  root  fibres  some- 
-where  in  the  cord,  medulla,  or  cerebellum  end  by  ramifying 
a^mong  and  upon  the  cell  bodies  (perikaryons)  and  dendrites  of 
other  neurones  in  what  we  now  call  the  nuclei  terminaleSy  or 
"the  "  primary  end-stations  of  the  sensory  conduction  paths." 
This  description  holds  good  for  the  peripheral  sensory  neu- 
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rones  of  the  cerebrum  as  well  as  for  those  of  the  cord.  There 
too  the  cell  bodies  are  situated  outside  the  brain  in  the  ganglia 
on  the  cerebral  nerves,  the  peripheral  prolongations  run  to  the 
surface  of  the  body  as  medullated  fibres,  the  medullated  central 
prolongations  run  into  the  nerve  centres  to  end  in  the  primary 
end-stations  or  nuclei  of  termination  of  the  cerebral  nerves.  In 
the  last  are  situated  the  cell  bodies  and  dendrites  of  other  neu- 
rones (of  the  second  order)  which  can  take  up  the  impulses  and 
carry  them  further. 

While  it  is  true  that  nearly  all  the  embryonic  bipolar  cells 
of  the  spinal  and  cerebral  sensory  ganglia  become  later  unipolar 
in  human  beings,  in  many  of  the  lower  forms,  for  example  in 
the  fish,  they  remain  bipolar  throughout  life.  It  is  interesting 
to  remember  that  in  the  ganglion  vestibuli  of  human  beings 
(as  well  as  in  the  ganglion  cochleae)  the  bipolar  condition  is 
retained  throughout  life  just  as  in  the  fish. 

Phylogenetic  studies  have  excited  a  great  deal  of  interest  in 
connection  with  the  original  position  of  these  peripheral  sen- 
sory neurones.*  In  some  animals  like  Lumhricus  the  cell  bodies 
of  the  sensory  neurones  are  situated  in  the  epithelial  surfaces 
of  the  animal  (Fig.  208),  the  short  peripheral  process  or  den- 
drite passing  between  the  other  epithelial  cells  toward  the  sur- 
face, the  central  prolongation  running  from  the  skin  into  the 
nerve  centres.  Other  animals  (like  Nereis)  possess  neurones  in 
which  the  cell  body  is  no  longer  located  in  the  peripheral  epi- 
thelial surface,  but  is  situated  near  it,  or  at  various  points  be- 
tween  it  and  the  central  organ.  The  further  the  cell  bodj 
from  the  epithelium,  the  greater  of  course  is  the  length  of  its 
distal  process.  In  human  beings,  as  has  been  stated,  and  in 
other  mammals  the  cell  body  is  almost  as  far  distant  as  possible 
from  the  peripheral  surface,  inasmuch  as  the  spinal  ganglia  are 
very  close  to  the  central  cerebrospinal  nervous  system  and  veir 
far  removed  from  the  peripheral  sensory  surfaces.  One  ye^t^ 
brate,  amphioxus,  is  peculiar  in  that  its  bipolar  sensory  neurone? 
are  situated  within  the  spinal  cord  (Retzius).  There  are  ani- 
mals-^as,  for  example,  Pterotrachea — which  in  a  comparativelT 
limited  space  show  a  whole  number  of  transitional  stages  be- 


*  Cf.  Retzius,  G.  Ueber  die  neuen  Prinzipien  in  der  Lelire  von  der  E:^ 
richtung  des  sensiblen  Nervensysteras.  BioL  Untersuch.,  Stockholm,  n.  F- 
Bd.  iv  (1829),  S.  49-56. 
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tween  the  peripheral  position  of  the  cell  body  and  the  central 
(Edinger).  It  la  of  the  greatest  interest  to  find  that  in  buman 
beings  we  have  one  instance  (in  the  domain  of  the  special  senses, 
however)  in  which  the  cell  body  of  a  peripheral  sensory  neurone 
is  situated  among  the  epithelial  cells  of  a  sensory  surface.  I 
refer  to  the  cell  bodies  of  the  peripheral  olfactory  nenrones 
(Fig.  157,  vide  supra,  p.  263). 

The  ganglion  spirsle  and  ganglion  vestibulare  in  human 
beings  present  stages  transitional  between  the  peripheral  olfac- 
tory nenrone  and  the  ordinary  peripheral  spinal  neurone,  since 


.—Peripheral  centripetal  n 
rius,  Biol.  Uiiteiwith.,  Stuck  hoi  I  .      „      .    ,    , 

A.  oligorheetic  wumiB  iLumbiiouHi :  B.  polychsetic  womu  INureis)  1  (',  mol- 
\ancf.  (LiiuaiK  V,  yenrhnitea.  The  gradual  vhuigi-  in  thi;  ixwitiiui  of  the 
perikaryon  in  the  phyloKtiictic  HerieH  is  Interesting,    i.  epitheliiil  cellnnf  w 


the  cell  bodies  of  the  neurones  in  these  ganglia  are  situated 
out  near  the  sensory  surfaces,  whence  they  collect  impressions, 
thongh  not  actually  in  them. 

The  structure  of  the  cell  bodies  situated  within  the  spinal 
ganglia  has  been  described  at  some  length  in  Section  III  and 
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need  not  be  discussed  again  here.  In  Fig.  309  ia  shown  aUrge 
type  of  cell  from  the  human  spinal  ganglion  taken  from  tod 
LenhoBsek's  recent  article,  and  in  Pig.  210  certain  other  types.' 
For  accurate  measurements  of  the  dimensions  of  the  sjuml 
ganglion  cells  of  different  animals,  adult  and  embryonic,  tbt 
reader  ia  referred  to  the  article  of  Cavazzani.f 

The  medullated  peripheral  prolongations  of  the  spinal  gin- 
glion  cells  mn,  along  with  the  medullated  motor  axonea,  oat 
into  the  peripheral  nerres  (Fig.  305 ;  vide  supra). 


Fro.  209.— Large  spinal  gHngliim  cell  from  a  faealthy  msii  will 

capsule.  (AfCvr  M.  von  Lenhiuiit^k,  I3M,  taken  from  A.  RiiutH-rE<  leii-nxiE  ' 
Staining  with  toluidin  blue  and  eoein.  »,  endnthclial  sheath  ;  p,  peripbwiJ 
clear  zone  of  the  prottiplasm  ;  jb,  aione  hillock  ;  pi,  pigment. 

In  the  dog  five  distinct  types  of  cells  in  the  spinal  gsngli" 
have  been  described  by  Lugaro-J  The  types  to  be  found  in  the 
rabbit  have  been  carefully  studied  and  described  by  Xiasl. 

After  dividing  a  variable  number  of  times,  these  mediilUlcJ 

•  von  L^nboss^k,  M,  Ueber  den  Bau  der  SpinalgunglienEellen  dM  SI* 
schen,    Areb.  f.  Psfchiat.  u.  Nervenkr.,  Beri.,  Bd.  iiii  (189«-'9T),  S.  3«-3» 

t  Cavazzani,  E.  Intomo  ai  gangli  apinali.  Arch.  itai.  di  clin.  m«d.  Mt' 
lano.  vol.  jijvi  (1897),  pp.  41--53. 

t  Lugaro,  E.  Sulle  alterazioni  delle  cellule  nervosa  (ioi  ganglia  spiniU 
Riv,  di  patol.  nerv.  e  ment.,  Firenze,  vol.  i  (1896),  Nos.  8  and  13. 
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axones  reach  the  peripheral  organs,  whence  they  collect  cellulip- 
etal  impulses.  All  of  these  peripheral  fibres  end  free ;  at  any 
rate,  we  have  as  yet  no  evidence  of  connection  by  continuity  of 
the  termination  of  one  of  these  fibres  with  any  other  cell.    That 
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^o.  210. — Several  types  of  spinal  ganglion  cells.  (After  M.  von  Lenhoss^k. 
Arch.  f.  Psychiat.,  fid.  zxix,  1896-'97.)  A  and  D,  small  chromophile  spinal 
ganglion  cells,  somewhat  shrunken  ;  B,  medium-sized  spinal  ganglion  cell  with 
coarse  tigroid  masses  ;  a,  pigment ;  C,  large  pale  cell,  peripheral  garland  of 
tigroid  e%'ident ;  E,  small  chromophile  spinal  ganglion  c«ll,  interior  of  cell 
presents  a  homogeneous  appearance,  garland  of  tigroid  masses  at  the  pe- 
riphery. 

the  peripheral  endings  may  actually  penetrate  into  epithelial  or 
other  cells  seems  likely  from  the  studies  of  Engelmann,  Apathy, 
^nd  others.  The  modes  of  ending  in  the  peripheral  organs  are, 
however,  very  variable. 
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It  was  long  thought  that  ganglion  cells  were  situated  in 
Meissner^s  corpuscles  in  the  skin,  in  the  so-called  TastzeUen  of 
Merkel,  and  in  other  peripheral  end  organs,  and  that  these  send 
their  axis-cylinder  processes  into  the  nerve  centres.  But  this 
view  has  been  shown  to  be  false.  The  peripheral  prolongations 
of  spinal  ganglion  cells  end  free  in  the  shape  of  disklike  ex- 
pansions in  these  structures. 

On  account  of  their  functional  relations  the  so-called  sen- 
sory nerve  endings  might  be,  perhaps,  better  called  peripheral 
nerve  beginnings. 

No  less  than  one  hundred  and  eighty-five  articles  concera- 
ing  the  endings  of  sensory  nerves  in  vertebrates  have  recentlj 
been  collected  and  reviewed  by  Kallius,  of  Gottingen.*    As  this 
author  states,  the  different  varieties  of  nerve  endings  may  be 
classified  in  different  ways,  either  according  to  the  endings 
themselves  or  to  the  tissues  in  which  they  are  situated.    Thej 
may  terminate  independently  of  any  special  end  organ,  or  the 
free  endings  of  the  fibres  may  be  inclosed  in  certain  definite, 
specially  differentiated,  terminal  corpuscles.     The  most  con- 
venient method  of  describing  them  is  as  (1)  those  incident  to 
epiblastic  and  hypoblastic  structures,  and  (2)  those  incident  to 
mesoblastic  structures. 


♦  Kallius,  E.  Endigungen  sensibler  Nerven  bei  Wirbeltieren.  MerW 
Bonnet's  Brgebn.  d.  Anat.  u.  Entwickelungsgesch.,  Bd.  v.  (1895),  Wiesl»d«B, 
1896,8.55-94. 


CHAPTER  XXX. 

THE   MEDULLATED    PERIPHERAL   AXONES    OF    THE    PERIPHERAL 
CENTRIPETAL  NEURONES  AND  THEIR  TERMINAL  APPARATUS. 

Centripetal  nerve  endings  or  beginnings — Classification — Nerve  beginnings 
in  epiblastic  and  hypoblastic  tissues — Naked  beginnings  in  epithelium 
— Epidermis — Mucous  membranes — End-platelets — Merkel's  Tastzellen 
and  Tastmenisci — 6randry*s  corpuscles — Nerve  beginnings  on  hairs, 
hair  follicles,  and  teeth — Nerve  beginnings  in  lung,  liver,  pancreas,  stom- 
ach, and  intestine — Nerve  beginnings  in  mammary  gland. 

Sensory  N^rve  Beginnings  in  Epiblastic  and  HypoblasUc  Tissues. 

In  the  skin  the  fibres  representing  divisions  of  peripheral 
prolongations  of  spinal  ganglion  cells  lose  their  myelin  sheaths 
before  entering  the  epithelium.  Once  inside  the  epidermis^ 
they  branch  typically,  giving  off  first  tangential  branches,  from 
which  secondary  finer  divisions  pass  through  the  stratum  ger- 
minativum  into  the  upper  layers.  The  individual  fibrils  can 
pass  upward  or  downward,  but  always,  or  nearly  always,  end  in 
the  epithelium  itself.  At  the  tips  of  the  individual  fibres  very 
fine  bulblike  processes  are  often  seen.  Many  believe  that  the 
nerve  fibrils  end  inside  the  epithelial  cells.  Certain  it  is  that 
the  nodules  can  be  seen  pressing  into  the  surface  of  the  cell, 
but  that  they  actually  are  to  be  considered  as  intracellular  nerve 
endings  is  at  present  doubtful.  The  weight  of  evidence  is,  on 
the  whole,  against  this  view. 

In  mucous  membranes  covered  by  squamous  lamellated  epi- 
thelium— for  example,  the  tongue  and  oesophagus  (Fig.  211)— 
the  relations  are  similar  to  those  in  the  epidermis.  Retzius  ♦ 
has  pointed  out  a  peculiarity  of  the  terminals  of  the  nerves  in 


•  Retzius,  G.  Ueber  die  sensiblen  Nervenendigungen  in  den  Epithelien 
bei  den  Wirbelthieren.  Biol.  Untersuch.,  Stockholm,  n.  F..  Bd.  iv  (1892), 
S.  37-44.— Einige  BeitrSge  zur  Kenntniss  der  intraepithelialen  Endigungs- 
weise  der  Nervenfasem.  Biol.  Untersuch.,  Stockholm  (1894),  n.  F.,  Bd.  vi, 
S.e2-64. 
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the  epithelium  lining  the  urinary  passages.  Thua,  in  the  bW- 
der,  for  esample,  the  sensory  nerve  fibres  run  tangentikllj  fot 
long  distances,  making  marked  curves  about  the  celts.   Tie 


Fio.  311.— Nerve  fibrils  in  the  epithelial  lining  nt  the  oHophnBUs;  mrlW 
Uolgi.  (After  G.  ReUiUH,  Biol.  Unttrauch..  Sttwkholm,  n.  F..  W.  it.  I» 
Taf.  liv.  Fig,  2.)  0,  surface  of  epithelium;  bg,  subcpUbelial  Paomttin 
tiHMc  :  n,  nerre  fibre. 

actual  terminations,  however,  appear  never  to  lie  in  the  snper- 
ficial  layers  of  the  epithelium,  but  the  branches,  having  f»»i 
out  near  the  surface,  turn  backward  to  end  free  near  the  jow- 
tion  of  the  epithelium  with  its  connect ive-tissne  support  (Fig 
212).  Whether  or  not  this  behavior  depends  upon  the  nra- 
tions  in  the  distention  of  the  bladder  wall,  or  represenK  i 
mechanism  for  the  purpose  of  avoiding  a  possible  harmfol  b 
fluence  of  the  urine  upon  the  nerve  endings,  is  not  known. 

The  mucous  membranes  covered  by  ciliated  epithelium  il» 
receive  nerve  fibres  which  end  free  in  among  and  upon  tb 
cells  (Fig.  213). 

The  number  of  nerve  fibrils  present  in  ordinary  epitheliil 
surfaces  is  remarkable ;  even  the  gold  method,  by  means  tJ 
which  Cohnheim  *  discovered  the  free  intercellular  ending  i» 

•  Cohnheim,  J.  Ueber  die  Eniligunp  dor  spnaiblen  Nerven  in  licr  iiorfr 
haut.    Arch.  I.  path.  Anat.,  etc.,  BerL.  Bd.  xxxviii  (1867),  S.  943-38«. 
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the  epithelial  layer  of  the  cornea  (Fig.  214),  shows  in  eaeceaa- 
ful  preparations  a  large  number  of  fine  fibrils.     But  the  oigro- 


Pia.  813,— Nerve  fibriU  in  the  epithelium  »f  b  vertical  aeetinn  of  the  nibbit'i 
bladder.  MethudufGulRi.  (After  G.  Rctziux.  Biul.  Untersuch..  SlMkliolm 
n.  F.,  Bd.  iv,  ISM.  Taf,  liv,  Fig,  4.1  o.  mipirlicial  layerof  epitbolial  eelU 
bg.  HUbopithelial  uonncetivc  tiwue ;  n,  uen'e  Gbiv  pHMing  from  t: 


Fio.  213.— TenninsUon  in  the  form  of  trefoil  enil  platelets  on  the  ciliated  cells  of 
the  fniK's  palate,  iteflittal  seetinii  ;  vital  staininf:  with  melliylene  blue ; 
alQm  cncbineal  UHefl  at  a  uiuntenttain.  (After  A.  Bethe,  Anh.  f.  mikr. 
Anat.  Bonn.  Bd.  iliv,  1894.  Taf.  xii,  Fig.  6.) 


[0.  314. — Vertical  Bcctinn  through  the  cornea.  (After  J.  CubDheim.  Ank 
path.  Anat.,etc.,  Bi-rl.,  Bd.  iiiviii,  1887.  Taf.  lii,  Fir.  8.1  Theroimdni 
puHvIca  and  the  cells  of  DiHeemvt'a  inembrane  are  Iclt  out  of  Che  drt*ii| 
the  auterior  eiiithelium  has  been  drawn  in  only  in  part.  a.  Desfemel's  an 
brane;  b,  nurves  from  the  plulliaes;  F,  1»andi(«  Kui'lK  Co  the  epitheliqiLWi 
ascending  by  accident  very  obliquely  ;  if,  fibres  of  the  subepitheiial  \Mnr; 
vertical  end  threads  with  horizuutal  iiutruDuen  ;  end  noduleflCiD  bim 
/,  an  andoubted  pnecomeal  hoiiionlul  fibre. 
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sine  and  safranine  staining  of  Macallum,*  and  the  method  of 

Golgi  applied  by  F.  E.  Schulze,t  van  Gehuehten,J  and  others, 

has   shown  us  the  really  enormous   number  of   nerve  fibrils 

that  are  present  in  such  structures  (Fig.  215).     The  method 

of   Ehrlich,  applied   to    the  skin  and  mucous  membrane  by 

Eberth,   Szymonowicz,  *   Bethe,   Dogiel   (Figs.   216-218),  and 

others,  has  revealed  even  more.     It  would  appear  that  almost 

every  epithelial  cell  stands  in  contact  relation  with  one  or  more 

nerve  fibrils.     And  perhaps  this  may  be  true  of  all  epithelial 

cells. 

While  the  majority  of  the  fibrils  in  the  skia  and  in  the  epi- 
thelium of  the  mucous  membranes  end  free,  often  with  forma- 
tion of  slight  varicosities,  others  of  them  terminate  in  definitely 
differentiated  end  platelets.  As  an  example  of  these  may  be 
mentioned  the  so-called  trefoil-shaped  platelets  which  Bethe  || 
has  described  as  occurring  on  the  nerve  fibrils  in  contact  with 
the  cylindrical  cells  in  the  epithelium  of  the  frog's  tongue  and 
palate,  and  the  round  end  plates  which  he  finds  on  the  rod 
cells,  the  forked  cells,  and  the  deep  cylindrical  cells  in  the  same 
organ.  These  end  plates  (Fig.  219)  are  to  be  looked  upon  as 
expansions  of  the  distal  end  of  the  nerve  fibril.  The  nerve  fibril 
is  attached  to  the  end  plate  very  much  as  the  stem  is  to  a  leaf. 
Several  of  them  may  belong  to  a  single  nerve  fibril,  and,  what  is 
more  important,  the  same  nerve  fibre  can  be  connected  with 
the  simple  free  nerve  endings  as  well  as  with  these  endings  in 
platelets.  The  epithelial  cells  in  contact  with  these  platelets 
can  often  be  differentiated  from  the  other  epithelial  cells  by 
their  behavior  toward  alum  cochineal.  Xiemack  describes  in 
the  frog's  tongue  cells  almost  completely  surrounded  by  a 
mantle  of  nerve  substance  arising  as  an  expansion  of  a  terminal 


♦  Macallum,  A.  B.  The  Nerve  Terminations  in  the  Cutaneous  Epithe- 
lium of  the  Tadpole.    Quart.  J.  Micr.  Sc.,  Lond.,  n.  s.,  vol.  xxvi,  pp.  53-70. 

f  Schulze,  F.  E.  Preie  Nervenenden  in  der  Epidermis  der  Knochenfische. 
Sitzungsb.  d.  k.  Preuss.  Akad.  d.  Wissensch.,  phys.-math.  CI.  (1892),  No.  viii, 
S.  87,  88. 

X  van  Gehuchten,  A.  Jjes  terminaisons  nerveuses  intra-cpidermiques 
chez  quelques  mammiferes.    Cellule,  Lierre  et  Lou  vain,  t.  ix  (1893),  fasc.  2, 

pp.  aoi-331. 

•  Szymonowicz,  W.  Beitrftge  zur  Kenntniss  der  Nervenendigungen  in 
Hantgebilden.    Arch.  f.  mikr.  Anat.,  Bonn,  Bd.  xlv  (1895).  S.  624-654. 

I  Bethe,  A.  Die  Nervenendigungen  im  Gaumen  und  in  der  Zunge  des 
Frosches.    Arch.  f.  mikr.  Anat.,  Bonn,  Bd.  xliv  (1894),  S.  185-206. 
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fibril ;  Bethe  could  not,  however,  find  such  structures  in 
fixed  by  his  method. 


Fig.  216. — Nerves  and  nerve  endings  from  the  human  cornea.  ( After  A.  8.  Do^ 
Anat  Anz.,  Jena,  Bd.  v,  1890,  S.  488,  Fig.  5.)  A^  meduUated  nerve  tibR 
which  divides  into  two,  d  and  6,  of  which  one,  «,  ends  in  a  compoand  sken, 
B ;  the  other,  d,  breaks  up  into  three  branches  f^f'.f*'.  The  branch  /  ditidis 
into  two  threads,  h  and  i ;  the  thread  h  ends  in  a  loop,  i>,  and  in  a  hookkt 
JP,  but  the  thread  i  helps  to  form  the  simple  skein  C\  the  branch/'  ente» 
the  complex  skein,  B ;  the  branch  /"  finally  breaks  up  into  the  thrai*/ 
and  /"",  of  which  the  former  ends  in  a  loop,  A  while  the  other  goes  into  the 
skein  C.  The  branch  /"  is  surrounded  for  a  certain  distance  by  myelin ;  db- 
clei  are,  however,  immediately  adjacent  to  the  threads  /  and  /**•  % 
branch  of  a  meduUated  fibres  (not  shown  in  the  figure)  which  breaks  up  infe 
threads  which  go  over  into  the  compound  skein,  B ;  a,  central  fibre ;  6.  peri- 
pheral part  of  axone  ;  c,  myelin. 

Another  form  of  end  platelet  with  which  histologists  hate 
become  familiar  since  Merkel's  *  descriptions  is  that  to  be  met 


*  Merkel,  Fr.  Ueber  die  Endigung  der  sensiblen  Nerven  in  der  H»ot 
Nachr.  v.  d.  k.  Gesellsch.  der  Wissensch.  a.  d.  Georg-Aug.-Unlv.,  Gottlngen 
(1875),  S.  123-128.— Tastzellen  und  TastkSrperchen  bei  den  Hausthieren  und 
beim  Menschen.  Arch.  f.  mikr.  Anat.,  Bonn,  Bd.  xi  (1875),  S.  636-651- 
Ueber  die  Endigungen  der  sensiblen  Nerven  in  der  Haut  der  WitbeltisR- 
4to.    Rostock  (1880). 
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with  adjacent  to  the  veil-known  Tastzelleti  of  this  author. 
The  epithelial  cell  {Tastzelle  of  Merkel)  adjacent  to  the  tac- 
tile meniscus  is  of  different  shape,  and  possesaee  entirely  dif- 
ferent staining  reactions  from  those  of  the  other  cells,  bo 
that  when  one  is  once  familiar  with  its  appearance  he  can  rec- 
ognize it  in  eections  which  have  not  been  stained  especially  to 
show  the  nerve  endings.    In  the  skin,  Merkel's  Taslxellen  are 


o.  217, — Nerves  and  nerve  endinjre  in  humfln  comca.  (After  A.  8.  Dogiel, 
AnAt  Am..  Jena.  Bd.  v.  IBOO,  Fig.  6.)  A  anil  B.  tiro  nit-dullatvil  fibres. 
tmch  of  whith  divides  forklike  itilo  two  branvhc"  (n,  b  and  c.  if  i ;  the  bniiich, 
a,  forms  a  simple  skein,  the  others  form  cntnpouml  skeins ;  r,  a  varieosi'  thread 
which  anites  two  end  skeinn ;  /.  threads  wliich  have  arisen  by  diviniun  ui 
the  axone  af  the  mednllatfd  fihres. 


most  numerous  in  the  interpapillary  processes  of  epithelium. 
They  are  easily  demonstrable  in  the  adult  (Fig.  3"0)  and 
embryo   (Fig-  321)  pig  hy  means  of  the  vital  staining  with 
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methylene-blue,  as  Szymonowicz  *  has  shown.  I  have  stained 
them  by  the  same  method  in  the  pig's  snout,  and  also  in  hnmu 
skin  obtained  from  the  surgical  operating  room.  With  the  ik 
of  Bethe's  fixing  method  one  can  obtain  beautifal  pictures  bj 
counter-staining  the  sections  with  Czokor's  alum  cochineaL  Ii 
a  successful  preparation  the  expansions  of  the  ends  of  the  nen* 
fibrils — the  tactile  menisci — are  stained  deep  blue,  the  Tadr 
zellen  of  Merkel  dark  red,  and  other  epithelial  cells  pale  pint 


Fio.  218. — Medallated  nerve  fibre  from  the  conjunctiva  of  man.  (After A. & 
Dogiel,  Arch.  f.  mikr.  Anat,  Bonn,  Bd.  xliv,  18»4-'ft5,  Taf.  iii.  Fig.  5.  >  TW 
medullated  fibre  (a)  breaku  up  into  single  branches  (6)  and  smaller  diviaaK 
still  (c),  which  form  a  plexus  beneath  the  epithelium. 

Merkel  thought  at  first  that  the  Tastzellen  were  actually  gan- 
glion cells.  Xow  we  know  them  to  be  simply  modified  epithelial 
cells  in  contact  with  special  disklike  expansions  of  the  nerre 
fibrils.  The  structures  have  been  aptly  compared  to  an  aeoni, 
the  differentiated  cell  corresponding  to  the  nut,  the  meniscus 
to  the  cup  in  which  the  nut  sits,  and  the  nerve  fibril  to  the 
stem  of  the  cup.  Eallius  looks  upon  Bethe's  end  platelets,  de- 
scribed above,  as  transition  forms  between  the  simple  free  int^r- 

*  Szymonowicz,  W.  BeitrSge  zur  Kenntniss  der  Nervenendigungen  in 
HautgebiUlen.  Ueber  Ban  und  Entwickelung  der  NervenendigunjreD  in 
der  Schnauze  des  Schweines.  Arch.  f.  mikr.  AnaL,  Bonn,  Bd.  xlv  (18d5)«& 
624-635. 
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cellular  nerve  endings  and  the  ending  in  menisci  on  Merkel's 
Tastzellen. 

A  comprehenaive  series  of  researches  on  the  so-called  Gran- 
dry's  *  corpuscles,  which  are  found  in  the  duck's  bill  (Fig.  2'2'i), 


Tia.  319.— Nerve  endings  in  epithelium  of  frog's  palate,  f  After  A,  Bcthe.  Arch. 
f.  mikr.  Anat..  BubQ,  Bd.  xliv.  lSft4-'«5,  Tuf.  lii,  FigK.  2,  3,  and  4.)  Vital 
staining  with  niethyltne  blue.  Fixatiiin  by  Retht'n  mi-tliod  :  coUDtrrBtniii- 
ing  with  alum  cochineal,  a.  iwo  endings  with  trefiiil  end  pUlcs,  one  of  llie 
endings  being  xeen  from  the  side  ;  b,  upper  Iwnler  ofa  H'nsoty  hillock  leawd 
out  ofa  sagittal  section,  nerve  tndiiigs  with  trefoil  plate  on  four  uylindrieal 
c«1Is  (<iue  of  them  seen  from  the  siilei,  also  nervv  termination  in  liiu 
form  of  a  round  plate  on  a  round  rcll  and  on  one  eylindriotl  cell  in  the 
depth ;  e.  two  builated  rod  cells  with  end  plates  and  uvtve  fibrils  from  a 
leased  preparatioD. 


a.  aao.— A  perpendicular  section  of  the  lower  part  of  the  epidermid  between 
two  papillK  which  shows  a  large  group  of  Merkel's  TaitteUai.  Above,  one 
flp<«  the  limits  of  the  epithelial  cells  indieakd.  below  two  nerve  fibres  enhi^ 
ing  (he  epithelium.  On  the  left  side  probnbl;  a  pnrt  of  an  end  bulb,  (.^Iter 
W.    Szymonowiez,    An^h.  f.  niikt.  Anat..  Bonn.  Bd.  ilv.  18BS,  Taf.  xxxiii. 

Fig.  a ) 

G.  2S1. — A  perpendicular  section  through  the  lower  part  of  the  epidermis 
between  two  papillie.  from  a  fretus  30  em.  long,  to  show  the  development  of 
the  nerve  endfnKx  aiiout  Merhrl's  Tanlselteii.  '  .\fler  W.  t^ymonowiez.  Arch. 
f.  mikr.  Anat,  Bonn.  Bd.  ilv.  1HCI5,  Taf.  xxxiii.  Fig.  9.) 


*  Grandrr,     Becherchfs  aur  les  corpuaclea  de  PacinL    J.  ds  fanat.  et 
phjsiol.,  etc.'.  Par.  (1889). 
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make  it  appear  that  these  structures  also  represent  groups  of 
epithelial  cells  between  which  nerve  fibrils  end  free  by  means  of 
terminal  end  plates.  Dogiel  *  has  studied  them  with  the  me- 
thylene-blue  method  and  has  convinced  himself  that  there 
are  disks  inside  them  which  are  continuous  with  nerve  fibres 
lying  between  the  cells  of  the  corpuscle.  The  finer  strnc- 
ture  has  been  studied  also  by  Geberg  f  with  both  Golgi's 
method  and  the  methylene-blue  stain  (Fig.  223).  Geberg  be- 
lieves that  the  nerve  fibre  breaks  up  in  the  disk  into  a  number 
of  very  fine  fibrils  which  run  in  directions  through  the  disk 


Fig.  222. — Grandry's  terminal  nerve  corpuscles  from  the  duck's  bill.    ( After  M. 
Grandry,  J.  de  I'anat.  et  physiol.,  Par.,  t.  vi,  1869,  pi.  xv,  Fig.  10.) 

(Fig.  224),  while  Dogiel  thinks  that  the  axis  cylinder  breaks  np 
into  two  bundles  of  fibres  which  run  around  the  border  in  » 
ringlike  way,  leaving  the  centre  of  the  disk  free  from  actial 
nerve  fibrils.  It  is  rather  interesting  to  note  that  Grandiy'a 
corpuscles  are  classed  among  the  epithelial  structures,  despite 
the  fact  that  they  are  situated  in  the  subepithelial  tissues  and 
are  inclosed  in  a  definite  connective-tissue  sheath.  The  stndj 
of  the  ontogeny  of  the  cells,  however,  is  said  to  have  established 
their  epithelial  origin. 

The  nerve  endings  in  the  hairs  have  naturally  attracted  i 
great  deal  of  attention  inasmuch  as  these  structures  have  long 
been  known  to  be  very  delicately  responsive  tactile  organs.    As 

*  Dogiel,  A.  S.  Die  Nervenendigungen  in  TastkCrperchen.  Arch,  t 
Anat.  u  Physiol.,  Anat.,  Abth.,  Leipz.,  Jahrg.  (1891),  S.  182-192, 

t  Geberg,  A.  Ueber  die  Innervation  der  Gauraenhaut  bei  Scbwimn- 
vogeln.  Intemat.  Monatschr.  f.  Anat.  u.  Physiol.,  Leipz.,  Bd.  x  (1883),  & 
205-240. 
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von  Frey  •  puts  it,  "  Every  hair  is  a  lever  whose  short  arm  ii  In 
the  skin,  while  the  long  arm  serves  for  the  reception  of  the 


Fio.  234. — "niptilo  dines  from  twii  flrandry's  corpuscle 

BiU  cjliiiclt'ra  (hh)  of  the  ntrve  Bbre»  coiim'CU'd  with  theiu.  Mctbyk-tc- 
blne  atuining.  (After  A,  Ot'hcrg.  Intvruat.  MiiualMichr,  f.  Anat.  Q.  PfaraoL 
LeiiKC.  Bd.  X.  18S3,  T«f.  ii,  Figs.  6uiida4.)  One  bw8  the  axis  rylindcr-t" 
over  iulo  thi- tactile  disc,  where  the  Btuined  fibrils  ur  bundles  of  fibriknf  Ik 
axis  i-ylinder  Unsk  up  into  dt'liiaite  threwls  which  pa>«i  in  diffi-rrnl  ditn- 
tionn,  but  mainly  to  tbe  border  of  the  tennina!  disc.  In  A,  a  networklikt 
union  of  the  threads  can  be  made  out  noioiig  the  lllirils  of  the  tactile  dtr  ii 
plnce«,  although  it  is  not  vcr;  marked  ;  I;,  nucleus  of  the  connective-lim 
sheath  of  the  cuTpUecIe. 


Flo.  83S.— Nerve  endinns  about  n  Inrse  hair  from  the  doft.    ( After  B.  Bm»rf 
Morphol.  ^lahrh..  Lcip*..  Bd.  iv.  1879,  l^f.  ivii,  FiR.  i. )    (inU  pre|»ni"* 


The  enteriuft  r 


s  partly  form  loops,  which  ofien  » 


'  Ton  FreT,  M.     Beitrfige  zur  PhyaioloKie  des  Schmi 
mnth-phys.  CI,  der  K,  SSohs.    Gesellsch.  d.  Wissensch.,  Leipz.,  Siti  n 
Juli,  1891.  S,  188, 


I 


{Ader  R  Bnnnet,  Morphol. 
}     Gold  prpparatifin.    F,  dwp 
'llins  un  nnit  Bhcnth  showing 
.  „,.  TiiiiiilB  in  ths  ilfi^p-lying  nirre 

plpiuws  \  hranen  of  <ut»iinmK  nerve  which  finTiis  the  uleiua  of  the 
neokcif  the  hair  foil lele  IIP  nnti  the  nervp  rinfc,  XR;  RS.  circular  Hiaus; 
SP  spungy  Uidy    r  circular  ndge ;  JU,  mnsele  of  the  follicle  ;  F,  fat. 
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stimulus."      The  earlier  studies   of    Bonnet,*    Merkel,t    and 
Amstein  I  showed  the  intimate  relation  of  meduUated  nerve 
fibres  to  the  hairs,  and  indeed  to  a  particular  part  of  the  hair 
(Figs.  225,  226).    Just  below  the  spot  where  the  sebaceous  gland 
opens  into  it  the  hair  follicle  shows  a  furrow  about  it,  beneath 
which  is  a  projecting  ridge.     The  nerves  connected  with  the 
hair  follicle  approach  this  ridge  and  penetrate  the  sheath,  los- 
ing on  entrance  their  meduUated  coverings.     The  further  fate 
of  the  nerve  fibrils  was  for  some  time  not  clear,  though  Bonnet 
by  means  of  chloride  of  gold  staining  showed  the  existence  of 
horizontal  branches  running  about  the  hair.     These  branches 
gave  off  ascending  twigs  which  appeared  to  lie  upon  the  glassy 
membrane  of  the  hair  follicle  imbedded  in  longitudinal  foldg 
in  this  structure.     There  seemed  to  be  some  doubt  whether  or 
not  the  fibres  went  through  the  glassy  membrane ;  many  be- 
lieved that  they  did  not  perforate  it  but  simply  lay  upon  it. 
The  method  of  Golgi  in  the  hands  of  van  Gehuchten  •  and 
Hetzius  II  has  shown  the  general  characteristics  of  the  endinp 
about  the  hairs  in  the  mouse,  rat,  and  man  very  clearly  and  sat- 
isfactorily (Fig.  227).     In  the  mouse  and  rat  each  hair  receives 
one  nerve  fibre  which  has  its  origin  not  in  the  deep  nerves  of 
the  skin,  but  as  a  branch  of  a  neighboring  fibre  which  is  des- 
tined to  innervate  also  a  portion  of  the  epidermis.     This  fact 
is  of  great  interest  inasmuch  as  it  proves  that  either  the  hairs 
and  these  portions  of  the  epidermis  have  to  do  with  the  origin 
of  the  same  quality  of  sensations,  or  if  they  mediate  different 
sense-modalities  then  the  same  neurone  must  be  capable  of 
transmitting  from  the  periphery  to  the  centres  impulses  con- 

*  Bonnet,  R.  Studien  ueber  die  Innervation  der  Haarbfilge  der  Haus- 
thiere.     Morphol.  Jalirb.,  Leipz.,  Bd.  iv  (1878),  S.  329-398. 

t  Merkel,  Pr.  Tastzellen  und  TastkOrperchen  bei  den  Haustieren  und 
beim  Menschen.    Arch.  f.  niikr.  Anat.,  Bonn,  Bd.  xi  (1876). 

t  Arnstein,  C.  Die  Nerven  der  behaarten  Haut.  Sitzungsb.  d.  k.  Ak«A 
d.  Wissensch.  Math.-naturw.  CI.,  Wien,  III.  Abt.,  Oktober,  1876. 

*  Van  Gehuchten,  A.  Les  nerfs  des  poils.  Bull.  Acad.  roy.  de  sc.  de 
Belg.,  Brux.,  3  s.,  t.  xxv  (1893),  pp.  23(>-232.--Le3  nerfs  des  poils.  Mem.  de 
I'Acad.  roy.  de  Belg.,  Brux.,  t.  xlix.  1893. — Contributions  a  1  etude  de  fm- 
nervation  des  poils.    Anat.  Anz.,  Jena,  Bd.  vii  (1892),  S.  341-348. 

I  Retzius,  G.  Ueber  die  Nervenendigungen  an  den  Haaren.  BioL 
Untersuch.,  Stockholm,  n.  F.,  Bd.  iv  (1892),  S.  45-48.— Ueber  die  Endigungy 
weise  der  Nerven  an  den  Haaren  des  Menschen.  Biol.  Untersuch..  Sleek- 
holm,  n.  P.,  Bd.  vi,  S.  61-62. 
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cerned  in  the  production  of  more  than  one  eense^uality.  The 
neire  fibre  having  reached  the  hair  follicle,  dirideB  into  two 
branches  which  run  horizontally  about  the  hair  almost  at  right 
angleB  to  its  course,  one  division  running  in  front,  the  other 
behind  the  hair.     These  may  meet  or  they  may  run  only  part 


Fio.  227.— Xervps  tinil  nerve  endings  in  the  Bfain  and  hair  follicles.  (Atler  G. 
Rt'lzmn,  Biol.  Untoisuch..  Stofklwlm.  Bd.  iv.  1892,  THf.  iv.  Fig,  4.  >  het, 
ntratiim  cumt'Uin;  rm.  niracuiii  gemiinatiTUm  Maliiighii:  r,  mciel  siinvrfli'ini 
nfm-fihre  pieius  in  thi'  eutis :  n,  eiilaneoUH  nerve  ;  in,  inner  rout  sliealli  of 
hair;  an,  uutvr  nwt  tilii'ath  ;  h,  Ihc  hair  itseir;  ilr,  glaiidulie  K'buciii'. 

of  the  way  aronnd,  thus  forming  an  incomplete  ring.  Small 
ascending  twigs  run  up  from  these  horizontal  branches  parallel 
to  the  direction  of  the  hair  to  terminate,  according  to  van  Go- 
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huchteu,  in  small  end  nodules.  A  few  branches  run  perpeii- 
dicularlj  downward.  Betzitis,  by  means  of  Golgi's  method, 
has  made  ont  very  similar  relations  in  the  hnman   erobrya 


Flo.  228.— Nprve  cndlngB  in  the  form  of  tartilu  disc*  benpath  the  gl»«y  wof 
branc  of  tlie  hnira.  (Aftt'r  P.  OBtniumow,  Aiiat.  Anz..  Jtna.  Bd.  i.  Ht^-i 
783,  Figii.  2  mid  *. )  A.  Tnctile  dlsi-B  bi-iiFUth  tlii?  glawy  mcnibnTie  o(  *  ai^ 
httir.  Tlie  tactile  dines  are  cuniifvl^i]  with  perfoniting  iitrve  fl1in-«  rd<I  (ill 
one  anotlmt.  Tensi-d  prepnnitlon.  B.  Nerve  cndingn  of  the  liairnf  »W 
a,  tactile  dixr«  bcni'atli  the  k'^"")'  metiihniiic  ^  b,  Hlniglit  tonuinal  Aim 
external  to  the  gUaajmembmnewhieh  run  out  into  Bpoiin>8liap<-d  or  halcbrl- 
sluped  endings. 

Fio.  aS9.— I»n)tiludinal  view  of  tooth  of  Gohius.  Bhowing  nerve  terraimb. 
(After  G.  ItetziuB,  Bioi<«.  rnteniiieh.,  Stoekholm,  n.  F..  B.I.  iv.  1«K.  Tif 
xvii,  Fig.  7.)  d.  dentine;  n,  nerve  fibres  aBCeiidiug  tloec  to  inner  surfKrrf 
dentine  and  ending  free. 

Whether  or  not  the  nerves  found  by  Orru  ♦  and  by  Retaus  in 
the  papillie  of  the  hair  actually  run  into  the  follicle  wnl 
correspond  to  constant  nerve  endings  in  the  adult  must  as  vrt 
remain  undecided. 

■  Omi,  E.      I,a  terniinazionc  nervosa  nei  pelt.    Boll.  R.  accad.  di  Rod*. 
Aono  six  (1893-1898),  Fsc.  7.  pp.  762-767. 
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Very  complicated  nerve  endings  haye  been  described  on  the 
Ho-called  sinus  hairs  by  a  number  of  observers.  The  most  com- 
plete description  ia  that  of  Ostroumow,*  who  worked  with 
methylene  blue  (Fig.  228).  I  have  found  in  the  embryo  pig  by 
means  of  the  methylene-blue  method  nerve  endings  connected 
with  definite  TagtzelUn  (of  Merkel)  inside  the  hair  follicles  just 
as  Ostroumow  has  described  them.  The  "nerve  end  buds" 
pictured  by  Bonnet  in  1878  are  probably  the  same  endings 
about  Tastzellen  (cf.  Fig.  836,  vide  supra). 


Tin.  230.— Nprvu  eiidinin  in  the  liver.  (After  P.  Korolkow,  Anat.  Anz.,  Jpdb, 
Bd.  viii,  I8B3, 8.  788,  Kig.  2. 1  a.  a  i  in  cylinder  of  the  pU'iUHeitt-iidiiif;  littwceu 
the  ruwH  of  liver  cells ;  *,  AbrilH  which  form  a  uetwork  over  the  cells ;  t.  rows 
uf  liver  colls. 

That  the  teeth  are  sensitive  to  touch,  and  more  especially  to 
pain,  is  a  matter  of  general  knowledge.  It  haa  been  disputed 
whether  or  not  besides  the  nerve  endings  in  the  pulp  there 


"  Ostroumow.  P.     Die  Nerven  der  S)nusha»re.  r 
lein.     Anftt  Anz..  Jena,  Bd.  x  (1895),  S.  781-700. 


itgeteilt  v.  Prof.  Am- 
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were  also  nerve  endings  in  the  eolid  portion  of  the  tooth; 
while  some  hate  believed  that  the  nerve  fibrils  end  onlj 
among  the  bodies  of  the  odontoblaats  at  the  peripheir  of 
the  pulp,  others  think  that  they  may  actually  penetrate  tb* 
dentine  itself,  inasmuch  as  it  is  known  that  if  the  gum  be  re- 


tracted the  dentine  is  sensitive  at  the   margin  of  the  eii»i''«' 
Retzius*  has  applied  Golgi'a  method  to  the  teeth  of  manj*!''- 

•Retiius,  G.  Zur  Kentitniss  diT  NerTeai'ndigimfe'en  in  <i«n  2il"^ 
Kleiners  Mitlheil.  aus  dera  Gebiete  der  Nerveo histologic.  Biol,  t'lilff** 
Stockholm,  n,  F„  BJ.  ir  (1892),  S.  65-68.— Ueber  die  Nervpnendifunpi" 
den  Zahnen  bei  Ainphibien.  Biol.  L'ntereuch.,  Stoekholra.  n.  F..  BJ-  '■'* 
40-41, — Zur  KeDDtniss  der  Endigungsweise  der  Nenen  in  den  Zilw*' 
SaQgetiere.    Biol.  Unterauch.,  Slockholm,  n.  F.,  Bd.  vi.  S.  54. 
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mals,  and  has  succeeded  in  staining  the  nerves  (Fig.  229).     He 
finds  that  the  nerve  fibres  of  the  pulp  branch  manifoldly  and 


Fio.  232. — Nerve  cells  and  nerve  fibres  in  the  villi  and  among  the  glands  of  the 
intestinum  tenue  of  the  guinea-pig.  (After  S.  Ram6n  y  C^al,  taken  from 
A.  Oppel's  text-book. )  «,  6,  r,  d,  perikaryons  of  ditterent  shape.s  among 
glandulse  intestinales  ( Lieberkuehni ) ;  *, /.  perikaryons  situated  in  the  villi 
intestinales ;  the  plexus  formed  by  their  processi'H  is  shown. 

are  distributed  between  the  odontoblasts  ending  close  or  near 
the  inner  surface  of  the  dentine.  He  was  never  able,  however, 
to  follow  nerve  fibrils  into  the  dentinal  tubules.  Subsequently 
the  subject  has  been  submitted  to  especial  research  by  Morgen- 
stem,*  who  has  obtained  very  remarkable  results.  He  describes 
different  sorts  of  endings  not  only  in  the  dentine  itself  but  also 
even  in  the  enamel.     These  findings  have  been  disputed  by 


*  Morgenstern,  M.  Ueber  das  Vorkommen  von  Nerven  in  den  harten 
Zahnsubstanzen.  Deutsche  Mouatschr.  f.  Zahnh.,  Leipz..  Jahrg.  %  (1892),  Okto- 
bcr,  S.  43^-437. — Weiteres  ueber  Vorkommen  von  Nerven  in  den  harten 
Zahnsubstanzen  iind  ueber  eine  Methode  sie  aufzufinden  und  zu  kooser- 
Tieren.    Ibid.,  Jahrg.  xiii,  S.  111-114. 
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lo.  833.— Ncrvp endings  in  thp  Balivsry  kIb"^  (After  (1.  Bctzias.  B 
■tilth..  INUO.  mktii  fn>m  Raubcr'B  Kxt-book.)  (.  /,  wctioos  of 
crcstM'iit;  N.  N.  nerve  Sbreg. 
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Rose,*  who  thinke  tliat  Morgonstem  had  to  deal  with  precipi- 
tates in  the  dentinal  tubules  and  on  the  processes  of  the  odonto- 
blasts. For  the  present,  then,  we  must  await  patiently  the 
results  of  further  research  in  this  direction. 

As  to  the  beginnings  of  centripetally  conducting  fibres  in 
the  organs  of  hypoblastic  origin,  exclusive  of  the  mucous  mem- 
branes, comparatively  little  ia  known.     Cuccati  f  and  Berkley 


(After  Dmitrljrwski,  Kiu»n. 


have  described  the  nerve  endings  in  the  lung,  and  Berkley  X  and 
Korolkow"  have  followed  the  fine  nerve  fibrils  throughout  the 

*  RGse,  C  L'eber  die  Nervenendigungen  in  deo  ZSbnea.  Deutsche 
Monatwhr.  f.  Zahnh..  Uipi.,  Jahrg.  xi.  S,  5^-60. 

t  Cuccati,  G.  Nerri  dpi  pnlmoni.  Nota  preventiva,  presentala  alia  reale 
Acoad.  <li  fiolngna  nella  Sessione  del  15  Oennaio.  1888. — Sopra  il  distribui- 


nria.    late 
194-203.— I 

8chr.  f.  Ana 


(lelle  fibre  ncrree  nei  pulmoni  della  rana  lempo- 
lat.  Monatschr.  f.  Auat.  u.  Physiol..  Leipi.,  Bd.  v  (1888),  S. 
omo  al  modo  onde  i  nervi  si  tlistribuiscono  e  terminano  nei 
muscoli  aildominali  del  Triton  cristatus.  Internat.  Monat- 
u.  PhjBiol..  Leipi..  Bd.  vi  (1880).  S.  237-249. 

the  Liver.     Intrinsic  Serves.    Johns  Ilopkins 


t  Berkley, H.J.    Studies 
Hosp.  Rep..  Ball.  <I8!}4). 

■  Korolkow.   P.     I'eljer  die   Nerve nendigungen 
Anz.,  Jena,  Bd.  viii  (1893),  S.  751-753. 


I   der   Leber.     Auat. 
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liver  substance  (Fig.  230).  The  pancreas  (Fig.  231)  as  wcUm 
the  stomach  and  intestine  (Fig.  232)  have  been  studied  by 
Erik  Miiller,*  and  by  Ram6n  y  Cajal,  and  the  salivary  gkndi 
(Fig.  233)  and  the  thyreoid  have  also  been  investigated  by 
several  observers.  The  endings  in  the  epididymis  have  been 
studied  by  Timofeew  (Fig.  234),  those  in  the  testicle  by  Sola- 
vunos  (Fig.  235).  The  sensory  as  well  as  the  motor  and  secre- 
tory  nei-ve  endings  in  the  mammary  gland  (Fig.  236)  hare 
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Fig.  237.— Two  corpuscles  containinK  nerve  endings  from  the  external  coo- 
nei'tive-tissiie  sheath  of  the  dog's  prostate.  (After  Timofeew,  1865.  fron 
Rauber's  text-b4K)k.  >  a,  thick  medullated  ncr\'e  fibre  which  runs  oat  into 
the  band-shaped  axis  cylinder;  6,  delicate  medullated  nerve  fibre  which 
forms  the  terminal  apparatus ;  methylene-blue  staining. 

lately  been  studied  by  Dmitrijewski.f  Two  corpuscles  from  tlw 
prostate  are  shown  in  Fig.  237.  Without  going  into  a  detailed 
description  of  the  findings  in  these  various  organs  it  may  be 
stated  that  every  one  has  been  surprised  at  their  enormous  rich- 
ness in  nerve  fibrils. 


*  M tiller,  £.  Zur  Kenntniss  der  Aasbreitung  und  Endigungsweise  der 
Magen-)  Darm-  und  Paukreasnerven.  Arch.  f.  mikr.  Anat.,  Bonn,  Bd.  xl  & 
390-409. 

f  Dmitrijewski,  P.  Ueber  die  Nerven  des  Milchdriksen.  Diss.  Kasu. 
1894,  abstracted  by  Stieda  in  Merkel-Bonnet's  Ergebn.  der  Anat,  Bd. ' 
(1895),  Wiosb.,  189tL 


CHAPTER  XXXI. 

THE  MEDULLATED  PERIPHERAL  AX0NE8  OF  THE  PERIPHERAL 
CENTRIPETAL  NEURONES  AND  THEIR  TERMINAL  APPARA- 
TUS— ( Continued). 

Sensory  nerve  beginnings  in  mesoblastic  tissues — Corium  and  tela  subcu- 
tanea — Tunic®  mucosaB  and  telie  submucosie — Meninges — Tendons — 
Connective  tissue  of  organs — Voluntary,  cardiac  and  smooth  muscle — 
Nerve  terminals  in  pathological  growths. 

Sensory  Nerve  Beginnings  in  MesobJsstio  Tissues, 

We  next  have  to  consider  the  distribution  of  the  peripheral 
extremities  of  the  centripetal  nerves  in  the  various  mesoblastic 
structures  including  the  corium  and  tela  subcutanea  of  the  skin, 
the  connective  tissue  of  mucous  membranes,  the  meninges  of 
the  brain,  the  tendinous  structures  of  the  body,  the  capsules 
and  interstitial  connective  tissue  of  the  solid  organs,  and  the 
muscles,  including  voluntary,  cardiac,  and  smooth  muscular 
tissue.  Here  also  it  has  been  found  that  the  nerve  fibrils  may 
terminate  as  free  endings  either  in  the  form  of  delicate  varicosi- 
ties or  end-platelets,  or  they  may  be  inclosed  in  encapsulated  end- 
organs  of  specific  structure  (corpuscula  nervorum  terminalia). 

I* 


Fig.  238. —Free  nerve  endings  on  the  basal  membrane  at  the  junction  of  the 
epidermis  with  the  snbcutaueous  tissue.  (After  W.  Szymonowicz,  Arch.  f. 
mikr.  Anat.,  Bonn,  Bd.  xlv,  Taf.  xxxiii,  Fig.  6.)  One  sees  a  nerve  fibre 
enter  from  below  on  each  side  and  break  up  to  form  an  end  plexus.  Szymono- 
wicz thinks  that  this  ending  is  identical  with  the  i^rmifiaiaon  hMMforme  of 
Ranvier. 

In  the  skin  at  the  junction  of  the  corium  with  the  epidermis 
Ranvier  has  described  what  he  calls  ferminaisons  hederifornies. 
These  have  subsequently  been  studied  by  the  methylene-blue 
method  by  Szymonowicz  *  in  the  snout  of  the  pig  (Fig.  238). 

♦  Op.  ciL 
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Thoy  consist  of  axis  cylinders  which  divide  manifoldly  and 
form  irregular  dendritic  end-branchings  and  end-piexnsee,  the 
fibres  often  showing  varicosities  in  their  conrse.  According  to 
Ssynionowicz,  they  are  more  developed  in  the  parts  of  the  skin 
in  which  Merkel's  Tastzetlen  in  the 
epidermis  are  absent  or  present  onlj 
in  small  nnmbers.  They  of  t«n  lie  im- 
mediately upon  the  basal  membrane, 
following  exactly  the  indentations  and 
irregularities  of  the  jnnction  of  the 
epidermis  with  the  corium.  SzymMW- 
win  could  not  make  ont,  howerer, 
that  any  branches  ever  passed  into  the 
epidermis  to  mn  among  the  epitlw- 
lial  (.vLU. 

The  endings  lying  npon  the  gUar 
membnuie  of  the  hjur  follicles  >1m 
represent  free  nerre  endings  in  the 
conneftiTe  tissue. 

Of  the  special  end-oi^AnsoocnTm; 
:  Che  connifi.'tiTe  tissae  of  the  ska 
aeTeral  interesting  forms  ha»e  beeD 
described.  First  (rf  all  the  tactile  c«- 
poscle  described  long  ago  by  Wigmr 
and  Mieissijer*  is  fcimiliar  to  ewrr  one  (Fig.  *Jy).  A  wction 
miide  tlirvii;ili  cbe  skin  of  the  pulp  of  the  finger  shows  nnmben 
of  these  in  tlie  papiUie  of  nhe  curium.  Sometimes  the  corposc!« 
are  simple,  but  they  may  (.'onsisl  of  several  lobules  with  a  c«b- 
mou  bust),  Om«  or  more  nerve  fibres  enter  the  lobole  at  or  new 
it^  bikie ;  ^er  tuiiijt^  a  iMimewbut  nortuons  coarse  eibch  [diingH 
into  thtn,-wr|>iiric!i?.  loses  its  niyylin  sheath.and  divides  repeawdh 
with  forrtiiuiuu  of  ;»  dudnite  end  iirbonzatioa  inside  the  corpo*- 
clu.     blM-'b  terminal  bnuich  runs  nuc  to  end  free.  usoallT  v  i 


Bi  >I 

ttuuuK.    kYxatiuti  mull  <jc 
>.  ttiniulliiWtl  ncmv  Illin. 


\  H.. 


ij,  MciKjiKr,     L'l'iwr  lias  ViirhaoilfiiSfLii  bt'-biT  iint»- 

,  k.  ij(f*il!>fli.  .1.  Wiseensch.  a.  iL  Ge«r:-.\iK;-rni<. 

l,.-i|.iFK,  ls"i;j.— /.ur  I.i-hre  viim  TiL^r-tnn,  Zt.-*hf  i 
K,  IW.  :i  1Ni4i.  S  'WO-'it").— Cmorsuffaimg™  "W 
•S  it.  ltd.  vii,ip«H,  .SiH-lltt. 


( 


PiQ.  240. — Sertion  through  the  akin  iif  the  tO«.  In  three  papillic  ^loisBnpr  h  cor- 
puHcles  with  Btuinefl  nerve  fibres  are  TiHible.  a.  Htmtum  lucicluii  b  stnttuin 
Kranulnsum  ;  e. stratum  MalpisM.  (AfUr  A.8.  DiiKibl.  luti^riut  MouubMilir. 
f.  Anat.  u.  Physiol..  Leipz.,  Bd.  iz,  IHBS,  TiL  v,  f1|.  1.) 


Fio.  m. — Heiflsner'B  corpuscle,  a  and  a',  axis  cylioden  of  nerve  fibtes,  which 
tnter  the  corpuBcle  and  break  up  into  branches  and  threads,  out  of  which  the 
nerve  skein  aiieea.  (After  A.  S.  Dogiel.  Intenut  Uonataschr.  f.  Aiut.  a. 
Pbrmol.,  Leipz.,  Bd.  iz,  leSS,  l^f.  y.  Fig.  2.) 
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somewhat  iSattened  plate  in  among  the  j9at  or  wedge-shaped  cdb 
(Kolbenzellen  of  Krause)  *  of  the  corpuscles.  These  corpnsdei 
of  Meissner  are  abundant  in  non-hairy  parts  where  tactile  sense 
is  acute.  They  have  been  carefully  studied  by  means  of  the 
methylene-blue  method  by  DogieLf  He  has  described  at  length 
the  formation  of  a  system  of  loops  resulting  from  the  spinl- 
like  curvings,  manifold  divisions,  and  crossings  of  the  fillet 
inside  the  corpuscles  (Figs.  240,  241).  Dogiel  believes  that  a 
network  is  formed  of  these  divisions,  a  view  shared  by  Smimowj 


Fig.  242.— Tactile  coipiucle  from  the  skin  of  theyoUr  sorfiu^  of  the  index  finicr 
of  a  man  twenty-five  years  old.  Method  of  Golgi.  (After  A.  Smimow/uh 
temat.  Monatnchr.  f.  Anat.  ii.  Physiol.,  Leipz.,  Bd.  x,  1883,  Tkf.  xi.  Fig.  5.^ 

who  has  studied  Meissner's  corpuscles  in  the  skin  with  gold 
chloride,  with  Golgi's  method,  and  also  with  methylene  blue  in 


^  Krause,  W.  Die  terminalen  KOrperchen  der  einfach  sensiblen  NeireiL 
Hanover,  8vo,  1860. — ^Die  Nervenendigung  in  den  Tastk5rpercheiL  Areh. 
f.  mikr.  Anat,  Bonn,  Bd.  xx  (1881-'82),  S.  212-221. 

f  Dogiel,  A.  S.  Die  Kervenendigangen  in  TastkSperchen.  Arch.  f.  Aut 
u.  Physiol.,  Anat.  Abth.,  Leipz.,  1891,  S.  181-192. — Die  NervenendigunifMi 
in  Meissner'schen  TastkSrperchen.  Internat.  Monatschr.  f.  Anat.  n.  PhjsioL 
Leipz.,  Bd.  ix  (1892),  S.  76-85. 

X  Smirnow,  A.  Ueber  Endkolben  in  der  Haut  der  Planta  pedis  nnd 
ueber  die  Xervenendignngen  in  den  TastkSrperchen  des  Menschen.  IntcmaL 
MoBat«chr.  t  Anat  u.  Physiol,  Leipz.,  Bd.  x  (1898),  S.  241-247. 


iva  pBlpebramm  of  nun.     a,  papilla  with 

..  .  >,  layer  of  epithelial  cells  on  the  snrfece  of 

papilla.    Vital  stsmiDg  with  methylene  blue.    lARer  A.  S.  Dogiel.  Arch.  f. 
miki.  Anat.,  Bonn,  Bd.  xUv,  I894r-'e&.  Taf.  iii,  Fig.  I.J 


Flo.  2M.— Tenninal  nerve  cotprnwles  in  the  eyelids  of  man.  'After  A.  8.  Dogiel, 
Areh.  f.  mikT.  Anat..  Bunn.  BA.  iliv.  I8»4-'B5,  Taf.  iii,  Fi^.  2  and  4.)  I. 
Terminal  nerve  corpnscIeK  from  the  papillee  of  the  margin  of  the  lid ;  a. 
mednllated  nerve  flbres.  II.  A,  B.  C,  terminal  nerve  corpUHcles  of  diOerent 
forma  from  the  para  orbilaliH  cniijunrtiviE :  a.  the  Bheath ;  h,  nuclei  of  flat 
celbi  of  the  Bheath  ;  e.  medullated  nerve  fibres. 
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perfectly  fresh  tisane  removed  at  operation  (Fig.  ^3).  T 
latter  staining  showed  exquisitely  the  ramification  and  dim 
of  the  fibres  inside  the  corpnscles.    Methylene-blae  prepantio 


FlO.  SU.— '■VDU  Mbrniatir  text  an  at  (hr  skin  uf  thi^  pulp  ur  the  Bnjp^nin'"* 
tu  (IduuDstnW  the  lupuKraphy  iif  the  "  ttrniinal  nervous  ori!»Bi'"i" 
diw-ribra  hy  KuSiui.  lAfttT  A.  Kuffioi.  Arrh.  ital.  ile  biuL.  Turin,  ti 
1HM,  pi.  iii,  t'ig.  13.1  Chlu^ide^^f^(old  preparation.  At.  »rttriolf :  i 
Mciwuer's  •.'orpuwlrs :  <P,  Cniusvviw  svctiqps  uf  ESriaian  coipnsrhf: 
HUiloH^nius  jjlttiids:  O.Y.  Kutfini's  L'Ddiatcs  :  ■''p.  papillary  layeruihti^ 
Sr,  rtticular  layer  uf  (he  skin  ;  lO.  &t. 

show  that  the  same  nerve  fibre  may  be  connected  with  m 
than  one  tactile  corpuscle,  and  Dt^el  states  that  he  hu  * 
fibres  enter  the  corpuscle,  pass  ag&in  ont  of  it,  and  enttr  I 
epithelium  to  terminate  there.     End  corpuscles  (Figs.  243,  i* 
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Bufflni.  A.Th.  ital.  de  b  n  Ti  n 
xxi.  1894.  pi.  i,  FiRH.  1  and  2  T  ni 
nml  npiTp  cjiliiiden!  Tonneai  of  n 
flbn-fl  cnminR  frum  th  d  tipi  i 
Bnbdiviidnn   of  a  rung  "    ~ 

6H.  myi'lin  nhuith  ;  il,     rn 
M-ioKK  •'{  the  Biis  ryl  ndi 
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Bomewbat  similar  to  Meisaner's  corposclea,  bat  macfa  8iiii|der. 
bare  been  described  ia  the  conjunctiva  of  hnman  beings  br 
Dogiel.* 

A  special  Tariety  of  terminal  corpuscle  has  been  described 
in  the  subcutaneoua  tisBue  of  the  human  finger  by  Roffini 
These  bodies,  which  are  oval  in  shape  and  about  as  nomerou 
as  the  corpuscles  of  Pacini,  lie  at  the  junction  of  the  corinn 
and  tela  subcutanea,  and  often,  according  to  RuflSni,t  in  the 
connective  tissue  septa  which  separate  the  masses  of  fat  in  tbt 
latter  (Fig.  245).  These  corpuscles,  which  he  names  organrt 
nerveux  iermiitaux,  are  ordinarily  known  in  the  bibliography  u 


Fra.  HT.— Terminal  nerro  corpuscle  of  BuflBni.  The  nerve  fibres  cutrr  by  mr 
of  the  extremities  of  the  corpuscle.  It  is  any  to  make  out  that  HphIc'^ 
oheHth  Kace  to  form  the  capsule  uf  the  corpuscle.  (.Viler  A.  Bafflni.  Anh. 
Ital.  de  biol.,  Turin,  t,  iii,  ISM,  pi.  1,  Fig.  4.) 


"  Ruffini's  endings."  They  receive  their  nerve  fibres  from  the 
side  (Fig.  246),  or  more  rarely  from  one  end  (Fig,  247).  The 
nerve  fibre,  when  once  inside  the  strong  connective-tisane 
eheath,  divides  into  numerous  branches  which  show  varicosities 


*  Dogiel,  A.  S.  Die  Nerve nendi^Dgen  im  Lidrande  und  :d  der  Coo- 
jnnctivA  palpbr.  den  Mensohen.  Arch.  f.  mikr  Anat,  Bonii,Bd.xliT(18H-'K)i 
S.  15-25. 

t  Riiffini,  A.  Di  an  nuovo  orgsno  nervoso  tenuiDale  e  aull>  preaenn  ia 
corpuscoli  Oolgi-Hazzoai  nel  connettivo  sottocutaneo  dei  polpmsticU  delk 
diU  deir  uomo.  Mem.  d.  R.  acead.  d.  Liacei,  Anno  ccixxxrii  <1S93).— Sot 
an  nouvel  Or^ne  nerveux  terminal  et  snr  la  pr&ence  des  ccrpusculea  Oolp- 
Maixoni  dans  le  oonjonctiv  sous-catan4  de  la  pnlpe  dee  doigts  de  HiomiM. 
Arch.  ital.  de  biol..  Turin,  t.  xxi  (I8M),  pp.  2«-2«5. 
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in  their  course  and  end  in  Bmall  free  end  knobs.  Ruffini  be- 
lieves that  they  form  actual  anastomoses  before  terminating. 
The  Boffini  ending  is  seen  in  croas-sectiou  in  Fig.  348,  and  in 
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oblique  section  in  Fig.  249.     Rnffini's  findings  Iiave  been  aa- 
firmed  by  Sfameni  *  and  by  von  Frey.    Th&t  ft  namber  of  emd- 


o.  1BO.—A  arm  fibiv  b  show 

■n-  alUrhvll   five    onMnri    I 

Areh.  ilMl.  de  b«4..  Turin,  t 


diTtding  into  seven  nen 
-rmj-  Itnmimmm  u(  BafEl 
isi.  I»l.  pL  u.  Fig.  10.  J 


ings  may  be  attached  to  the  aubdifieionB  of  one  nerre  fibres 
well  shown  in  Fig.  ^50.  These  corpuscles  of  Rofiini  while  tbn 
reM>mble  the  eorpusoles  of  Oolgi  and  Mazzoiu,  are  really  dif- 
ferent from  the  Utter. 

.\  somewhat  simpler  stmctore  than  Meisaner's  corpnficln  ii 
net  with  in  the  so^-iilled  end  bolbs  of  Eraose.t  which  occur  in 
the  SikiD  and  to  greater  nombers  in  the  conjunctiva.  Eich 
civpusele  (.-onsists  of  a  sbeitth  made  up  of  fiat  coniiective4iBEiK 
celU  ctMitinuoos  with  the  perineBriom  inside  which  is  the  so- 
called  inner  bulb,  a  finely  gianolar  mass  which  shows  eom^ 
ttBie<i  a  kt>QceDtric  lamellation.  In  the  centre  of  the  ituxr 
bulb  iii  the  axis  cvUader.  the  myelin  sheath  having  been  lost  U 
'\\i  eutram-e  tutu  the  orv^ui.  The  aione  nuts  ont  to  end  qniK 
ttw  at  the  upper  end  of  the  bulb,  nsnally  terminating  in  > 
slight  butiooT^haped  thU-fcettin!;.  These  stmotoree  havebwo 
studied  also  by  SzymoDowit.-z  with  the  methylene^ilae  metbixl. 

*  SfaiUEOi,  V.  Rin;h<:ri.'h»s  ^>•mp^^nuiTes  3itr  lea  orntie?  nereem  unu- 
Muv  ilu  Kul»iii.     .Vnat.  Xnz^  Jena.  BL  ii  i  l^Wl.  S.  6TI-*':*. 

^  K'Hu.'w,  W.     l>iu  lurmmiilira  l!^''^r[jnvbt:a  dcr  ctnlach  fcnaUMi  KefO' 
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Hia  findings  are  well  illustrated  in  Fig.  251.     The  end-balbe  in 

the  conjunctiva  vhere  Kranse  first  discovered  them  have  been 

described  by  Dogiel  (Fig-  252). 

Not  nnlike  these  simple  cylindrical  end-balbs  of  Kraase, 

and  differing  from  them  in  reality  mainly  in  the  complexity  of 
the  capaule,  are  the  peculiar  cor- 
puscles variously  known  as  the 
corpuscles  of  Vater,  of  Pacini, 
and  of  Herbst.*  The  general 
appearance  of  the  Pacinian  cor- 
puscle from  the  cat's  mesentery 
is  well  known  to  every  medical 
student,  since  it  forms  a  standard 


Fio.  2SI.— End  balbe  Maiaed  by  the  metUylenc-blue  method.  (After  W. 
tteymonuwici.  Arch.  t.  luikr.  .Knat..  Bvun,  Bd.  iIt.  18B5.  Taf.  iiiiii,  Pigs.  1 
and  3.  J  a,  Bpirally  mixU-il  end  bulb :  the  nxiit  cylinder,  (he  inner  bulb,  and 
the  connective-timuc  layers  can  be  seen  ;  the  small  piece  on  the  right-hand 
-!-i    •--'-«■  probably  belongs  to  a  second  end  bulb.    b.  terminal  curpniiclo  com- 


posed orsc 


il  end  bulbs. 


Fio.  SSZ. — Terminal  corpascle  from  the  edge  of  the  coiuanctiva  bulbi.  ( After 
A.  S.  Dogiel.  An^h.  f.  mikr.  Anat..  Bonn,  Bd.  xxirii.  IBOl,  Taf  iixiii,  Fig. 
3. )     a.  mednllated  nerve  Hhre.  the  aiiH  cylinder  of  whieh  goes  over  intu  a 


object  for  study  in  every  histological  course.     The  corpuscle, 
large  enough  to  be  visible  to  the  naked  eye,  has  a  translucent 


*  Hertwt.  a.    Die  Pacinischen  Kiirper  uml  ihre  Bedeutung.    Ein  Beitrag 
TOT  Kenntniss  der  Nervenprlmilivfasem.    Gnttingen,  1848,  8vo. 
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appearance.  The  fibrous  sheath  of  the  nerve  is  continuous  with 
the  connective-tissue  sheath  of  the  corpuscle,  the  latter  con- 
fiisting  of  from  twelve  to  fifteen  or  more  concentric  lamel]& 
The  myelin  sheath  passes  for  some  distance  into  the  organ,  bat 
as  soon  as  the  nerve  fibre  has  reached  the  inner  bulb  the  myelin 
sheath  disappears  and  the  axis  cylinder  runs  naked  in  the  centre 
of  the  inner  bulb.  At  the  apex  of  the  bulb  the  nerve  fibre 
often  divides  into  several  processes,  all  of  which  run  out  to  end 
free  in  the  granular  substance  of  the  bulb.  Ehrlich's  method 
is  very  suitable  for  the  study  of  these  structures,  as  Dogid  * 
and  Eallius  f  have  shown,  inasmuch  as  the  nerve  fibre  stains  of 
an  intense  blue  or  purplish  color,  while  the  granular  substance 
of  the  inner  bulb  stains  only  feebly  (Fig.  253).     Retzius  J  hi^ 


Fig.  253.— Herbst's  corpuscles.  Methylene-blue  staining.  (After  A.  S.  Doekl 
Arch.  f.  Anat.  u.  Physiol.,  Leipz.,  1891,  Anat.  Abth.,  Taf.  xi.  Fig.  11.)  TV 
axis  cylinder  entering  the  corpuscle  A  breaks  up  inside  the  inner  bulb  into 
three  branches,  each  of  which  terminates  in  an  end  knob :  in  the  corpuwleB 
a  Side  ti^ng  is  given  off  in  the  inner  bulb  from  the  main  fibre,  also  tSr^- 
mg  in  an  end  knob. 

studied  them  also  by  using  Golgi's  method.  The  surface  of 
the  terminal  fibre  shows  many  black  prickly  projections.  Sim- 
pie  treatment  of  Pacinian  corpuscles  with  dilute  acetic  acid 
however,  shows  practically  all  the  details  of  the  structure  (Kg. 
254).  Pacinian  corpuscles  occur  in  the  skin  of  human  beings 
in  the  connective  tissue  near  joints,  in  periosteum,  on  ten- 
dons, and  in  the  connective  tissue  of  the  serous  membranes, 
pericardium,  pleura,  and  peritonaeum. 


♦  Dogiel,  A.  Die  Nervenendigungen  in  TastkSrperchen.  Areh.  f.  Aral 
u.  Physiol,  Anat.  Abth.,  Leipz.,  Jahrg.  (1891).  S.  181-192. 

t  Op*  eit 

t  Retzius,  G.  Die  Pacinischen  K5rperchen  in  Golgischer  Tbbm 
Biol.  Untersuch.,  Stockholm,  n.  F.,  Bd.  vi  (1894),  S.  65. 
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...  ....  .    it:  studied  freah 

, c  cflpeules    d  endothelial  rows  separatiog 

the  cotpoecleB:  n,  nerve  fllire  lesMng  rorpnscle  /  perineuial  Bheittli ;  m, 
central  ina»  or  so-called  inner  bulh  n  terminal  fibre  ;  a,  point  where  one 
uTthe  branches  of  the  termiuai  fllin  diMi1e«  into  a  laiice  number  or  branches 
which  go  to  rorm  numercitui  terminal  buljtiuKX  (After  I>.  Banvier.  Traits 
technique  d'histologie,  Pans  18T5  p  033  Fig  SOB  ) 
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Ruffini  *  describes  a  modified  form  of  Vater's  corpoBcle  in 
different  parts  of  the  body,  which  he  designates  the  "  Golgi- 
Mazzoni  corpuscle."  It  is  in  reality  the  same  corpuscle  de- 
scribed by  Golgi  in  tendons  {vide  infra).  He  finds  that  the 
nerve  fibres  inside  these  bodies  divide  oftener  than  in  typiod 
Pacinian  corpuscles,  although  they  always  end  free  in  flat  bnlb- 
like  expansions.  Rufiini  finds  them  not  only  on  tendons  but  in 
the  subcutaneous  connective  tissue  of  the  finger  tip  (Fig.  255). 
It  is  evident  that  Erause's  bulbs,  the  Vater-Pacinian  corpuscles, 
the  tendon-corpuscle  of  Golgi,  the  terminal  corpuscle  of 
Masioni,f  and  the  Golgi-Mazzoni  corpuscle  of  Rufiini  are  close- 
ly allied  varieties  of  nerve  endings.  In  the  same  group  are  prob- 
ably also  to  be  placed  some  of  the  soK^led  genital  corpu8cle&^ 
They  have  been  carefully  studied  with  the  methylene4>lae 
method  by  Retzias.*  The  main  difference  between  them  and 
the  l^ieiniaii  corpuscle  lies  in  the  fact  that  the  genital  corpuscle 
has  fewer  lamellie  in  its  connective-tissue  sheath  {videFigL 
iMU^!^).  These  bodies  have  been  studied  in  human  beings 
ami  iu  the  moii^  by  Dogiel  |  (Figs.  ^5^261). 

*  Kutllni^  A.  Di  una  |Murtkvlare  rKioella  nenrosa  e  di  aleuni  corpnsooii 
\M  l^loiui  v*Im^  si  ti\>T«no  in  i\>nc«$$ione  cci^li  orgmni  moscolo  tendioei  del 
^lUv  Aui  ^K  r,  AcwkI.  d.  Uneifi,  An.  eelxxxix  (18W>.  Serie  IL  Rendif. 
Ck  Ui  ^\  fi5k.  m^jiK  e  n»l..  Kkhiml  ^^  i.  f»se.  131 1  Semestr.  (1892),  pp.  54Mli 
— ^ur  un  rvtk'uW  uemrux  ${v«.'tal  (K  snr  quelqiies  corposcles  de  FMsiniqai 
^  trv'ttvvttt  e«i  iV£LQ^\k>o  mTve  te$  ocemnc?  mnscii)o4eiidineQX  da  chaL 
A?vh.  rtjfti  vW  bk>U  TurtBk  U  XTiit  •t'^Sfftw  pf^  101-I05l— Also.  Sar  on  noiiTel 
v»Jr5W^tfc<^  twrvv*t\  ?<fn«iiciAl  ec  »tr  la  pnftSMiw  dw  eorpascks  6olgi-3liaoDi 
vUi»vSL  tv  v^^«j"«cciT  AMfcSMNHitant?  vi*  Jm  p«Ip«f  d«s  doi^ts  de  lliomnie.  Arch- 
ftcAt  vW  ^^,»i..  tVrin^  «.  s.ii  >  I'J^'.  pp-  *l!»-aiBc— ^^ptm  dai  speeUIi  modi  da- 
^K^i'vat'.K'Mj^  »A*^u  ^.TWii  mrxscoiK'-CijaniuMt  di  Gv»I^  coo  ngnardo  spcciile  aUi 
!*«fvt!:itwi  vWi  i:<w«.lii>*KCc»  ihtl  v,»rvpwi«>  iD«i».'«i»>twijiin*oedalla  manien  di  cmd- 

*  >t:^M.^»m»     vH<^nt:ki!o«i  tnjcn^««7ptc6tf  scpca  i  eoewiecti  corposeoli  ttf- 
>uivf^'*tii)  ch*f  SI  f>v*/^tim}  iwi  iiii*u2:«inii  oeaiiiiuL    X«ai.  Accad.  d.  K.  d.  lA 

*  Kvt^atN  ^».     l  'jiKr   ttv  15Jnijjrinic*«petea  'for  ^Cirv«B  in  d«n  Gfiu**^- 

I  KV»;»i>it    V   ^      V^»   Ntjrvi'tmcitiiiCTmiien  in   tier    Rant  der  a«W* 
Vvv>j<j:«^{s\«uiv  ain«^  Muiiccutta*     .Wx-it*  &  mikc  JuxaC^  Bbmu  Bd.  xlidM 
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}.  395. — Golgi-Mazzoni  corpascles  foand  hy  Ruflini  in  the  subcutaneons  con- 
n«:tlve  tissue  ot  the  palp  of  the  flnger.  {After  A.  Bufflni.  Arch.  ital.  de 
biol..  Tarin,  t.  ixi,  I8M.  pi.  hi.  Figs.  14,  IS,  and  16.) 
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Fio.  SSO.— 0«nital  nerve  coipascles  rrom  the  mncias  membnii*  of  thr  di 
therabbit  Hethjiene-blue  ataliiing.  ( After  Q.  Retting  Inteniat  H~~ 
f.  Anat.  a.  Phyaiol.,  I^ipi.,  Bd.  vii.  ISW.  Taf.  xiv.  Fig».  1  uid  £.) 
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a.  287.— Genital  n 

pcnu  or  the  rabbit.    Mrthfleae-blue  gtainiag.    {Alter  G.  Betzius,  Intenut. 
MoDstwchr.  f.  Anat  u.  Physiol.,  Uipz.,  Bd.  vii,  1S90,  Taf.  xv.  Fig.  IS.) 


a.  SS8. — Cro«  iection  of  gra  la  neire  coTpaec  o  tram  the  cl  ons  of  the  nibbit. 
Fixation  with  FlemminE  h  flu  d  bt^iuatoiy  n  Bta  n  ng  \f  er  G.  Betzius, 
Internal.  Monalssclir  f  \nat  u  Pbys  o  Le  pi  Bd  v  H90,  Taf.  iv. 
Fig.  16.) 
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A  peculiar  form  of  nerre  ending  hitherto  nndescribed  hu 
been  found  by  Dogiel  *  in  the  connective  tiesce  of  the  cornei 
He  haa  mnde  out  in  this  situation  peculiar  free  terminals  m 
the  form  of  definite  end  platelets  He  describes  nerve  brancb« 
which  ruu  more  or  less  parallel  to  the  margin  of  the  cornea, 
sometimes  in  radial  directions  toward  the  centre  of  this  gtroc- 
tnre      At  their  extremities  are  fonnd  flat   quadrangolsr  oi 


V.^f 


Tia.  aB9.— Qenltol  nerve  corpuEClen  ftwin  hnmsn  gtniia  penis,  a.  shctth  rfi 
nerve  stem  ;  b,  aheath  of  corpuscle  with  uiivlti  uf  flat  cells  in  sum  ;  cii>^ 
crIindeiB  of  nerve  flhres  which  branch  insido  the  inner  bulb  of  the  corp'"''' 
(After  A.  8.  Dogiet,  Arch.  f.  mikr.  Anat.,  Bodd.  Bd.  xli,  ISSO.  TW.miL 
Figs.  2  and  3. ) 

irregularly  rounded  end-platelets,  some  of  which  show  conc*'- 
ities  and  indentations,  with  uneven  and  jagged  borden(Fi;' 
863).  The  size  of  the  individual  platelets  varies  much.  Th*i 
never  contain  nuclei,  and  they  sometimes  resemble  cloeel.T  tiK 
corneal  cells,  but  in  reality  have  no  connection  with  the  UtW. 
It  is  not  impossible,  as  Kallius  points  out,  that  the  older  ido* 
of  Kuhne,  Waldeyer,  Izquierdo,  and  others,  concerning  the  i"*- 

*  Dogiel,  A.  S.  Die  Kerven  der  Coroea  des  Menschen.  AniL  iu- 
Jena,  Bd.  v  <1890).  S.  488-4M.— Die  NervenendWrperchen  (Endkollw.*' 
KrsQBe)  in  der  Come*  und  Conjunctiva  bulbi  des  Menscben.  Aich.  t  w^ 
Anat,  Bono,  Bd.  xxxvii  <18B1),  S.  602-61D. 
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nediate  connection  betveen  nerves  and  the  protoplaem  of  the 
lonnectiTe-tiBBue  cells  of  the  cornea,  may  thus  be  explained. 


?ta.  180.— Genital  nerve  corpaHc1«B  of  diObrent  fori 

lAfler  A.  H.  DonJH.  Arch.  f.  mikr,  Anat..  boon,  na. 
FigB-flMidT,  aodl^r.  iiilii,  Fig.  8)    a,  mcdullsted  n 
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The  enonnouB  nomber  of  nerve  fibres  which  have  been  de- 
scribed in  the  connective  tissQe  of  the  mncous  membrane  ot 
the  stomach  sod  intestine  by  Erik 
Muller,  Berkley,  Ram6n  yCajal,uiii 
others,  are  thought  by  many  to  be 
mainly  motor  for  the  innenration  of 
smooth  muscle,  and  secretory  for  the 
innervation  of  glands.  There  cu 
be  but  little  donbt,  however,  thit 
among  these  are  many  fibres  wbicii 
carry  centripetal  impulses.  TIkt 
have  been  studied  with  the  method 
of  (lolgi,  and  also  with  the  method 
of  Ehrlich. 

The  nerve  endings  in  the  menin- 
ges  of  the  brain  in  animals  have  bea 

_                                   .  investigated  recently  byD'Abnndo* 

Flo.  861.— End  bulb  fW.m  gtana  ,,"             ,        ,■'„■',,,.,, 

penu  uf  k  while  mouse,    a.  and  JacqueB,t  who  find   that  boin 

^cl-UMeraofwhkb'Tnd'l'n  ^^«  spinal  and  cerebral  dura  nuter 

knerveskein.  FromtheBkein      Jg  rich  in  nerveS,  particularly  ID  DOS- 

going  out  to  end  amoEig  the    medullated  fibres.     With  the  metbr- 

fSi'e'.''lrS'.'*f.  m^k^'\Lt    leoe-Wne  method  free  end-arboriii- 

^°?.;  J*-,fi^''    ^^"^  '^''    t'oiB  and  pencil-like  nerve  endiD|s 

are  to  be  made  out  inside  the  bw 

dies  of  connective  tissue.     Acquiato  and  Pusateri  %  have  fiiiw 

studied  the  endings  in  the  human  cerebral  dura  mater,  ut^ 

describe  and  figure,  in  addition  to  vaso-motor  filaments,  endiip 

which  are  probably  those  of  centripetally  conducting  nerra 

They  suggest  the  hypothesis  that  variations  in  the  pressure  of 

the  cerebrospinal  fluid  may  by  means  of  these  lead  to  reAei 

vaso-motor  phenomena.     If  this  idea  be  found  later  to  com- 

spond  with  the  facts,  the  nerve  endings  of  the  dura  mat«r  mail  ' 

subserve  physiological  functions  of  no  mean  significance. 


*  D'Abundo.  La  innerTaiione  dell*  dura  madre  cerabrale.  Conugnu- 
cazioiie  falta  alia  socjeta.     Rifonna  med.,  Anna  x.  No.  43  (1884). 

t  Jacques,  P.  Note  sur  rioDervation  de  ladure-ra^re  c4rfbra«pin»U *> 
le«  maiDiuit^rM.    J.  de  I'anat.  et  physiol.  [etc.].  Par.,  t.  xui  (iMin.  Ff> 

see-aou. 

t  Aot)uisto,  v..  ed  E.  Pusaten.  Salle  terminaiioDi  nerTose  otU*  i"* 
raadre  oerebrale  deil'  uomo.  Ri».  di  patoL  ner»„  Pirense,  vol.  i  (I8(ftff 
M7-870. 


ROUPING  AND  CHAINING  TOGETHER  OP  NEURONES.     403 


s 


§ 


ai 

6  H 
—  M 

Pt    . 

a 
.5    . 

C    . 

^^ 

5^ 

o  . 
©•< 
c 

o  »-• 

is 

JS  > 

*^   ■«-» 


§ 


> 

c  -^ 

I? 

§■5 

ox  bO 
XH 

o 


404 


THE  NERVOUS  SYSTEM, 


p. 


Fio.  2«3.— Mu"i(;uU»-tendinous  nerve  ending  of  Golgi.  The  drawing  sboff^tif 
distribution  of  the  museulo-tendinous  organs  in  a  pitnre  of  the  wpPf'I*J^* 
the  tendon  plate  whieh  belongs  to  the  muscles  of  the  hsK*k  of  tne  n"^ 
From  the  upper  part  of  the  platv  there  come  three  nerve  bundles  ^^ifh  P" 
off  numerous  fibres,  each  going  to  a  miistrulo-t4>ndinous  end  organ.  Aft" 
C.  Golgi,  1880,  Gesammelte  Untersuchungen,  Jena.  1894.  Tkf.  xxix.  1%  * 
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The  sensory  nerve  endings  in  tendons  since  they  were  de- 
scribed by  Golgi*  in  1878  have    been   the  object  of  many 
researches.      According    to   Golgi,  they    form    trne  terminal 
plaques,  from  two  to  thirty  of  these  plaqnes  making  np  a  single 
corpuscle  (Fig.  263).     He  found  them  in  voluntary  muscles 
located  at  the  junction  of  the  muscle  fibres  with  the  tendon. 
The  whole  corpuscle,  as  described  by  Golgi,  is  fusiform,  and  is 
situated  on  the  surface  of  the  tendon,  being  formed  of  granular 
substance,  and  possessing  an  envelope  of  several  hyaline  con- 
centric layers,  in  which  are   imbedded  a  certain  number  of 
nuclei.     The  nerve  fibres  on  entering  the  corpuscle  lose  their 
neurilemma,  but  at  first  retain  their  myelin  sheaths,  dividing 
into  two  or  three  meduUated  fibres,  each  of  which  then  gives 
rise  to  a  true  end-arborization  of  naked  nerve  fibrils.    Each 
corpuscle  receives  at  least  one  nerve  fibre,  though  usually  at 
least  four  or  five  pass  to  it. 

Very  extensive  studies  of  the  endings  of  nerves  in  tendons 
have  been  made  since  by  Ciaccio.f  He  has  examined  the  ten- 
dons in  several  classes  of  vertebrates  as  well  as  in  human  beings, 
and  finds  similar  relations  in  all  (Figs.  264-267).  The  nerves 
entering  the  tendons  divide,  according  to  Ciaccio,  into  several 
branches,  the  individual  fibres  running  in  between  the  ten- 
don bundles.  On  their  way  they  lose  their  myelin  sheaths, 
and  the  connective-tissue  sheaths  fuse  with  the  connective  tis- 
sue of  the  tendon  bundles.  As  the  fibres  pass  on,  they  divide 
repeatedly,  and  finally  end  free  with  small  varicose  bulgings, 
surrounding  the  tendon  bundles,  in  the  form  of  spirals  or  rings. 
The  structures  described  by  many  as  nuclei  in  these  endings, 
Ciaccio  feels  sure,  are  nothing  more  than  peculiar  nodosities  of 

*  Golgi,  C.  Ueber  die  Nerven  der  Sefanen  des  Menschen  und  anderer 
^'irbeltiere  und  ueber  ein  neties  nervoses  musculo- tendinSses  Endorgau. 
Untersucfaungen  ueber  den  feineren  Bau  des  centralen  und  peripheriscben 
Aervensystems.    Uebers.  v.  R.  Teuscher.,  Jena  (1894),  S.  203-216. 

t  Ciaccio,  G.  V.    Intomo  alle  piastre  nervose  finali  ne'tendini  de'Verte- 
i^rati;  nuove  investigazioni  microscop.    Mem.  Accad.  d.  sc.  d.  1st.  di  Bo- 
logna. 1889.  4  s.,  vol.  z  (1890),  pp.  301-324. — Sur  les  plaques  nerveuses  finales 
daos  les  tendons  des  vert^bres.  Nouvelles  recherches  microscopiques  [Transl.]. 
'^^  de  microg.,  Par.,  t.  xiv  (1890),  172 ;  201 ;  234. — Nuove  investigazioni  mi- 
C|>oscopiche  intomo  alle  piastre  nervose  finale  sui  tendini  delle  5  classi  di 
^ertebrati.     Rendic.  Accad.  d.  sc.  d.  1st.  di  Bologna  (1890-'91),  pp.  19-20.— 
^Ur  les  plaques  nerveuses  finales  dans  les  tendons  des  vert^br^s.    Arch,  ital 
^«  biol.,  Turin,  t.  xiv  (1890),  pp.  31-57. 
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Fio.  264.— Tendinous  expansion  of  one  of  the  mnscles  of  nuin,  lAft"  ^ 
Ciaccio.  Arch.  ital.  ik>  biol.,  t.  liv,  1881.  pi.  i.  Fig.  1.  >  l£tntf  tenniml  » 
plaque  comiwiaed  of  several  portinnii.  equal  in  naniher  tu  the  bwnrh'*' 
whiuh  the  ffbre  which  ^ves  rise  to  the  plaque  divides.  Lorwit's  gold  mn 
"fop-  fuaifonn  thickeninR  of  the  perineural  sheath  ;  i/g.  pisiform  thJcif" 
uf  the  meduUated  nerre  fibre  inside  ;  ifgi,  slight  tdnuonity  of  runronu  tW 
enlng  of  nerve  flhre ;  sp.  perineural  iibe»th ;  r/aii.  braDL'.biag  uf  iV' 
cf  Under. 
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le  nflrre  fibres.  He  denies  definite  encapsulation  with  coii- 
tctive  tissue,  such  as  Golgi  described,  and  further  lays  stress  on 
,e  relation  of  the  endings  to  the  tendons  proper,  independent 


o.  S67. — TEndinoDS  eip&nsioD  of  one  of  the  motor  rausclai  of  the  eye  of  an  ox. 
(After  G.  V.  CWcio.  Areh.  itol.  de  hiol..  t.  xiv.  1891,  pi.  iv.  Fig.  87.)  Two 
muavulo-tendinnua  organn  nf  (Jolgi  united  with  one  another  and  compTcesed 
toward  the  luwer  cxtmnity  hy  a  hand  uf  conneetive  tiMue.  ERch  corpuxcle 
nf  Oolgi  hsa  ili>  owo  ultimnle  nerve  plaqae.  These  two  plaqaes  show  both 
the  bndiUkc  and  ringlike  endlags. 


THE  NBBVOITS  SYSTEM. 


of  the  tnnscles,  a  view  again  in  contradiction  to  that  of  GolgL 
The  endings  always  lie  inside  the  tendons,  apparently  never  on 


Fio.  268. — A,  sensory  neire  endioK  from  piorardiuni  of  upper  half  of  IfflMrim 
of  the  heart  of  the  gray  rat.  B  and  C.  sensory  nerve  emlings  frooi  Uie  »b1» 
rardinm  uf  the  dog.  (After  A,  Smimow,  Anst.  Am.,  Jena,  Bd.  i.  IM.^ 
74S.  Figs.  3.  4.  B.) 

their  sheaths.     Ciaccio  calls  them  plaqiiex  tendineuses  ntff  Ur- 
minaisoH  buissonneuse  des  nerfs  ^  spirals  on  n  anneavi.   Af 


GROUPING  AND  CHAINING  TOGETHER  OP  NEURONES.     411 

we  have  aaid,  these  endinga  of  Golgi,  Ciaccio,  and  M&zzoni  are 
probably  closely  allied  to  Pacinian  corpuscles. 

As  to  the  endings  of  nerves  inside  the  interstitial  connective 
tissue  of  organs  we  have  data  concerning  the  heart,  lungs,  and 
certain  parts  of  the  eye.  The  sensory  nerve  endings  in  the 
endocardium  of  the  auricles  and  ventricles,  as  well  as  the 
aaricnlo-ventricular  valves  and  the  chordse  tendineie  of  amphib- 
ians and  mammals,  have  been  studied  by  Smimow,*  who  has 
also  attempted  to  make  out  the  alterations  in  the  endings  after 
section  of  the  nerves  to  which  they  correspond  (Fig.  268).  The 
nerve  endings  in  the  lung  have  been  examined  by  Berkley, 


Fio.  369. — Nerve  endings  in  the  lutij;  of  the  frog;  large  skeio  with  pntcring 
medullated  ntrve  fibre  (b)  nnd  two  tlireads  leaving  the  skein  a.  (Afl«r  A. 
Smimow.  Anat.  Auz..  Jena,  Bd.  iii,  1888.  S.  359.  Fig.  2.) 

Cuccati,t  and  Smimow  t  (Fig.  269).  The  endings  here  in  the 
connective  tissue  are  not  unlike  those  found  in  that  of  the 
heart. 

Melkich  "  has  studied  the  free  endings  of  sensory  nerves 
in  the  connective  tissue  in  the  iria  of  birds  by  Ehrlich's  method 
and  finds  two  varieties  of  nerye  endings  in  this  region  :  On  the 
posterior  surface  of  the  iris  a  plexus  of  very  fine  nerve  fibres 
which,  after  manifold  division  and  interlacing,  end  free,  never 
forming  anastomoses.     The  other  variety,  situated  near  the 

•  Smirnow,  A.  Ueberdie  sensiblcn  Nervenendigiingeti  im  Henien  bei 
Amphibien  iind  Saugatieren.     Anat.  Anz..  Jena.  M.  i  (1895),  S.  733-740. 

t  Caccati,  O.  lotomo  a]  modo  onde  i  nervi  si  distribuiscono  e  terrainann 
ttei  poltnoni  e  nei  mugcoli  addorainali  del  Triton  cristatus.  Tntemat.  Mo- 
«»aL-=chr.  f.  Anat.  n.  PhjBiol.,  Leipz.,  Bd.  vi  (1989),  S.  237-249.  Also  Bull. 
a,  Bc.  med.  di  BologTia.  6.  s.,  vol.  xiiii  (1886),  pp.  304-307. 

t  Smitnnw.  A.  Ueber  Nerve nendknSu el  in  der Froschlungs.  Anat.  Anz., 
'ena.  Bd.  iii  (188S),  S.  258-2S1. 

"  Helkich.  Zur  Kenntniss  des  CiliarkOrpera  und  der  Iris  bei  Vogeln, 
Kni^Gtheilt  von  Prof.  Amstein.    Anat.  Anz..  Jena,  Bd.  s  (1896),  S  28-86. 
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muscle  fibres  of  the  iris,  arises  from  the  division  of  medulkted 
nerve  fibres  which  form  free  nerve  endings  after  repeated  den- 
dritic subdivisions  (Fig.  270).  He  does  not  think  that  ther 
are  motor  fibres,  but  believes  that  they  represent  the  senfiorr 
element  in  accommodation,  the  first  variety,  according  to  hu 

B 


A 


Fig.  270.— Sensory  nerve  endings  in  the  ciliary  body  of  birds.  (After  MdkJci 
Anat.  Anz.,  Jena,  Bd.  x,  1885,  S.  90,  Figs.  2  and  3.)  A,  sensory  end  aiborin- 
tion  from  the  ciliary  bod^  near  the  elastic  ring;  a,  medullated  nerredbrr. 
B,  tendriMike  nerve  endings  in  connection  with  the  medullated  nerve  ^ 
which  arises  directly  from  a  nerve  trunk.  At  a  are  seen  some  gnooiii' 
plates. 

idea,  carrying  impulses  concerned  in  pain  sensations.  Very 
similar  nerve  endings  have  been  described  in  the  connective 
tissue  of  the  ciliary  body  in  the  eye  of  the  cat  and  of  man  ^ 
Agababow*(Fig.  271). 

Turning  now  to  the  sensory  nerve  endings  in  volunUrr, 
cardiac,  and  involuntary  muscles,  the  former  may  first  be  df 
scribed.  In  addition  to  Pacinian  corpuscles  and  end  bA 
not  unlike  those  described  by  Krause  in  the  conjunctiva,  whicli 
occur  in  considerable  numbers  in  the  muscles  (Ker8chner)tn" 
the  organi  muscuU-tendinei  of  Golgi,  above  referred  to,  tb' 
principal  ending  believed  to  be  sensory  in  voluntary  mnsc^^'^ 
the  so-called  muscle  spindle  (Kuhne,  Forster)  f  or  neur(HD«>^*' 

♦  Agababow,  A.  Die  Innervation  des  CiliarkSrpcrs.  Anat  Anx«J^ 
Bd,  viii  (1892-'98),  S.  555-561. 

t  Forster,  Laura.  Zur  Kenntniss  der  Muskelspindeln.  Arch,  i  I*''' 
Anat,  etc..  Berl.,  Bd.  cxxxvii  (1894),  S.  121-154 
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indle  (Both).  These  organs  were  first  seen  in  the  frog  in 
Weissmann,  who  thought  them  to  be  definite  organs 
le  muscle.  They  have  since  been  studied  and  described 
ole  series  of  obsenrers  in  many  different  animals  as  well 
man  beings.  Kiihne,  who  introduced  the  term  "  muscle 
"  described  a  special  form  of  the  structure  in  reptiles, 
iithorities,  among  whom  may  be  mentioned  Eisenlohr, 
:i,  and  Fraenkel,  have  studied  them  in  diseased  muscle 
mght  them  to  be  pathological  phenomena.  In  1878 
expressed  the  yiew  that  they  represented  an  especial 
)gical  mechanism  standing  in  a  definite  relation  to 
vous  system,  a  view  which  has  been  accepted  by  Roth, 
ler,*  Christomanos  and  Strossner,  Laura  Forster,  and 
3y  the  majority  of  recent  investigators. 


-Nerve  endings  in  ciliary  body  demonstrated  by  the  method  of  Golgi. 
r  A.  Agababow,  Anat.  Anz.,  Jena,  Bd.  viii,  1893,  S.  558,  Fig.  2.)    The 

shows  a  delicate  nerve  stem  which  breaks  up  into  single  nerve  fibres, 
I  in  turn  run  out  to  form  end  arborizations  which  lie  at  different  depths 

tissue. 

muscle  spindles  consist  of  long,  narrow,  hollow  struc- 
)ntaining  within  them  striped  muscle  fibres,  blood  ves- 
inective  tissue,  and  meduUated  nerve  fibres.  The  open- 
bhe  ends  are  partially  closed  by  bundles  of  muscle  fibres. 


»chner,  L.  Ueber  Muskelspindeln.  Verhandl.  d.  anat.  Gesellsch., 
.  vi  (18»2),  S.  85-89.— Bemerkungen  ueber  ein  besonderes  Muskel- 
n  willkarliehen  Muskel.  Anat.  Anz.,  Jena,  Bd.  iii  (1888),  S.  126- 
trap:  zur  Kenntnis?  der  sensiblen  Endorgane.  Anat.  Anz.,  Jena, 
888),  S.  288-296.— Ueber  die  Portscbritte  in  der  Erkenntniss  der 
indeln.  Anat.  Anz..  Jena,  Bd.  viii  (1892-'98),  S.  449-458.— Bemer- 
u  Herrn  Dr.  An^elo  Ruffini's  Aufsatz :  Considerazioni  critiche  sui 
udi  deir  apparato  nervoso  nei  fusi  muscolari.  Anat.  Anz.,  Jena, 
J9^'94),  S.  558-562. 
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vessels,  nerves,  and  counective  tienue.  The  whole  mass  of 
structures  inclosed  in  a  common  sheath  is  considerably  wider 
in  the  middle  than  at  the  end. 
Lymph  interspaces  exist  through- 
out the  spindle,  while  throngh  tbe 
centre  of  it  runs  a  lymph  space  rf 
considerable  size.  Tbe  sheath  cor- 
iYJ^f  "^^-f  responds  in  character  to  the  peri- 

**-~^f  MB^^r  neurium  of  a  peripheral  nerve.    At 

the  ends  of  the  spindle  it  is  thin, 
but  it  increases  in  thickness  to- 
ward the  widened  parts.  The  num- 
ber of  striped  muscle  fibres  preseni 
in  a  single  spindle  varies  in  its  dif- 
ferent parts.  They  are  neiulij 
fewer  at  the  ends,  where  the  fibre 
are  also  finer,  more  amnerons  in 
the  middle  of  the  spindle,  where  Ihe 
individual  fibres  are  also  thicker. 
The  fibres  are  beautifully  striated. 
as  one  can  easily  make  out  in  longi- 
tudinal sections.  The  nerve  fibts. 
like  the  muscle  fibres,  vary  in  nam- 
bers  at  diSerent  levels  in  the  epiii- 
die.  Forster*  found  eleven  m^ 
cle  fibres  and  six  nerve  fibres  in  » 
cross  section  of  one  spindle,  and  in 
that  of  another  ten  muscle  fibm 
and  eight  nerve  fibres. 

The  nerves  enter  the  spindle  in   , 
different  parts  of  its  couree.  pen^    I 

273.— Muscular  sipiiidir  from  iii."n> 
■vi'llunariuB.  (After  S.  TrinclKW.  H'* 
Ac[»d.  d.  IK.  d.  Int.  di  Bulofsa.  *■ ' 
i.  I,  18S»-'gO.  Fig.  T.)  a,  ahntli  ^» 
niuwlr  spindle  ;  «,  aiin  rjlindft  pf»- 
trnHng  th«  i&temuclvar  protuplaHD  i  " ' 
amithvr  axis  rv)indcr  eottrinR  Ibtitt' 
nuclvar  prntoplHnin  ;  n.  largt  mis  f!* 
der;  rd.  rf,  kiw  rylindiT  pcm-tnliBf 
InbTQiiclrar prntopluir  "  --'-—'" 
in  vsriuUH  dcpthn  uf  th 
tuplimm  ;  I,  nuclei  of  lli 

•  Op.  eit. 
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trating  the  sheath  after  running  a  short  distance  in  it.  They 
are  often  accompanied  by  blood  yessels,  which  are  present  not 
only  in  the  capsule,  but  also  inside  the  neuro-muscular  bun- 
dle. The  muscle  and  nerve  fibres  inside  are  separated  from 
one  another  by  strands  of  white  fibrous  connective  tissue.  Be- 
tween the  sheath  and  its  contents  is  situated  a  peripheral  lymph 
space  through  which  a  few  single  fibres  run. 

The  number  of  spindles  in  a  single  muscle  is  very  large ;  aa 
many  as  thirteen  have  been  counted  in  one  cross  section  through 
the  genioglossus  muscle.  They  may  be  situated  in  the  various 
parts  of  the  muscle  itself,  in  the  external  perimysium,  partly  in 
the  tendon  and  partly  in  the  muscle,  or  they  may  be  wholly  sur- 
rounded by  tendon.  The  bodies  are  especially  easy  to  demon- 
strate in  cases  of  muscular  atrophy  in  human  beings,  and  they 
liave  already  been  studied  and  described  in  a  large  number  of 
such  cases.*  Spiller  f  has  recently  reviewed  the  bibliography  of 
the  subject,  and  his  paper  is  accompanied  by  an  excellent  illus- 
tration. As  to  the  sensory  nature  of  the  spindles  there  can  be 
no  longer  much  doubt,  for  when  the  motor  nerve  fibres  supply- 
ing the  voluntary  muscles  have  undergone  almost  complete 
degeneration  as  a  result  of  disease  of  the  lower  motor  neurones, 
the  majority  of  the  nerves  in  these  structures  may  remain  nor- 
mal. Sherrington!  proved  by  physiological  experiment  that 
the  spindles  are  connected  with  the  sensory  roots  of  the  nerves. 
While  it  is  true  that  motor  nerve  terminals  have  been  occa- 
sionally found  in  the  muscle  fibres  inside  these  bodies,*  the 
majority  of  nerve  endings  which  have  been  thus  far  demonstrated 
are  of  the  sensory  type.     In  1889  Trinchese  ||  gave  a  good  illus- 

*  Horsley,  V.  Short  Note  on  Sense  Organs  in  Muscle  and  on  the  Pres- 
ervation of  Muscle  Spindles  in  Conditions  of  Extreme  Muscular  Atrophy, 
following  Section  of  the  Motor  Nerve.    Brain,  Lond.,  vol.  xx  (1897),  p.  375. 

f  Spiller,  W.  G.  The  Neuro-Muscular  Bundles  (Muskel-Knospen,  Mus- 
kelspindeln,  faisceaux  neuro-musculaires).  J.  Nerv.  and  Ment.  Dis.,  N.  Y.> 
▼oL  xxiv  (1897),  pp.  626-630. 

X  Sherrington,  C.  S.  On  the  Anatomical  Constitution  of  Nerves  of 
Skeletal  Muscles;  with  Remarks  on  Recurrent  Fibres  in  the  Ventral  Spinal 
Nerve-Root.    J.  Physiol.,  Cambridge,  vol.  xvii  (1894),  pp.  211-258. 

•  Kerschner,  L.     Op.  cU.,  Anat.  Anz.,  Jena,  1888,  S.  295. 

I  Trinchese,  S.  Contribuzione  alia  conoscenza  dei  fusi  muscolari.  Mem. 
r.  Accad.  d.  sc.,  d.  1st.  di  Bologna,  4.  s.,  vol.  x,  1889  [1890],  pp.  715-725. 
Also  Transl. :  Contribution  k  la  connaissance  des  fuseaux  musculaires. 
Arch.  iUl.  de  biol.,  Turin  (1890-*91),  t.  xiv,  pp.  221-230. 
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tratioD  of  these  stmctares  (Fi^.  S7i).  Excellent  dentoiutn- 
tions  hare  be«n  giren  by  RaffinL*  He  finds  elaborate  e«tmn 
endings  resnlting  from  the  numifold  snbdiTisioD  of  the  xa 
cylindere  of  the  neire  fibres  inside  the  spindles.  He  distis- 
gnishes  three  varieties  of  these  endings :  ttrminaiaoiw  i  «- 
tuaux,  where  the  nenrea  snrroimd  the  ntnscle  fibres  in  ri"p- 
ttrminaisoHM  a  gpiraU*,  irhere  they  go  arotmd  them  in  a  spinl 
fashion ;  and  terminaisons  a  JUvrt,  where  they  end  npoo  tb«> 
with  complicated  dendritic  branchings  (Figs.   273   and  ^H- 


TlO.  373. — Middle  th<id  nf  a  tertninitl  ptuuc  in  the  musclo  spindle  of  an  adih 
cat.  (AttoT  A.  Rofflni.  Arch.  jtsl.  de  blul..  TDriu,  L  iTiJi,  lata.  &  108.  n>. 
1.1    A,  spinls;  A.tiagg;  f,  dendritic  branchings.   "liHridr  cif  nilil  jiii|«ri 

Hober,  of  Ann  Arbor,  has  recently  studied  these  rtrnclnrw 
with  the  methylene-blue  method,  and  has  succeeded  in  obtain- 
ing exquisite  pictures  of  the  nerve  endings  even  to  their  nlti- 

*  RufBni.  A.  Sulla  termin&zione  nervosa  nei  fusi  muscolari  e  sul  ioto 
fignificBto  Bsiolngico.  Nota  preventiva.  Atli  d.  r.  Accad.  d.  LioMi.  CI 
di  tc.  (Is,,  mat.  e  nat..  Roma.  3.  s..  vol.  i,  1802. — Sur  la  t«rniin«tion  nerrwl 
dans  les  faiscraui  musculai reset  »ur  leursigniflcation  ph^iologiqtie.  AnL 
ital,  de  biol.,  Turin,  t.  xviii  (1802),  pp.  lOC-1 14.— Consideraiioni  critiche  m 
reccnti  stiidi  dell'  apparato  nervoso  nei  fusi  mnscolari.  Anal.  Aiu_  Jeok 
Bd.  ii  (1803-'94).  S.  80-88.— Sulk  fins  anatomia  del  fusi  neuto-muaniUn 
del  icaUn  e  sul  tore  slgniflcato  flEiotogico.  Monitore  zool.  itaL,  F^renic.  toL 
Tii  (1896).  pp.  4»-«3. 
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mate  termination  (Fig.  275).     Thanks  to  his  courtesy,  I  have 
had  the  opportunity  of  examining  his   specimens,  and  have 


Fig.  '274. — ^A  striped  mus<'le  fibrt*  in  a  human  muscle  spindle  with  terminaisorui  a 
fieur».  (After  A.  Kutiini,  Areh.  ital.  de  biol.,  Turin,  t.  xviii,  1893,  p.  Ill, 
Fig.  2. )  R,  terminal  enlargements  of  the  axis  cylinder.  C'hloride-of-gold 
preparation. 

been  much  surprised  at  the  complexity  of  the  endings.  His 
results,  together  with  plates  and  a  very  complete  bibliography, 
have  been  embodied  in  a  recent  paper  by  himself  and  Mrs.  De 
Witt.*  The  method  of  Sihler  f  is  also  of  great  service  in  dem- 
onstrating the  muscle  spindles.  To  succeed  with  the  method 
some  care  has  to  be  taken  in  teasing  out  the  preparation.  I 
have  had  the  good  fortune  to  see  some  of  Sihler 's  preparations, 
and  can  speak  in  high  terms  of  his  method.  The  contrast  be- 
tween the  large  calibre  of  the  sensory  fibres  going  to  these  struc- 


*  Huber,  G.  C,  and  Lydia  M.  A.  De  Witt.  A  Contribution  on  the  Motor 
Nt*rve  Endings  and  on  the  Nerve  Endings  in  the  Muscle  Spindles.  J.  Comp. 
Neurol.,  Granville,  vol.  vii  (1898),  pp.  169-280. 

+  Sihler,  C.  Ueber  eine  leichte  uud  sichere  Methode  die  Nervenendigung 
an  Muskelfasern  und  Gefftssen  nachzuweisen.  Arch.  f.  Anat.  u.  Physiol., 
Physiol.  Abth..  Leipz.  (1895),  S.  202. — Ueber  Muskelspindeln  und  intra- 
miiskulftre  Nervenendignngen  bei  Schlangen  und  FrSschen.  Arch.f.  mikr. 
Anat.,  Bonn,  Bd.  xlvi  (1895),  S.  709-725. — A  description  of  a  simple  and  re- 
liable method  to  trace  the  nerves  in  the  muscle.  Cleveland  M.  Gaz.,  vol.  x 
<1894-'95).  pp.  255-264.  Also,  Am.  Month.  Micr.  J.,  Wash.,  vol.  xvi  (1895), 
pp.  172-182.— The  sensory  end-organs  of  voluntary  muscle.  Cleveland  M. 
Oaz.,  vol.  xi  (1895-'96),  pp.  695-600. 
28 
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tures  and  the  much  amaller  calibre  of  the  ordinary  motor  nerre 
fibres  of  muscle  was  very  striking. 


Flu.  2T5. — Huacle  Rpindle  from  intrinuc  plantaT  muHcIm  of  a  doe.    (After  6.  C 
Hubtr  »nd  Lydiit  Dc  Witt  J.  fumii.  Neurol..  Granville,  vol.  vu,  1889.  pLira. 


The  whole  make-up  of  the  muscle  spindle  or  neuro-mnBcnhr 
bundle  impresses  one  as  a  structure  ^specially  adapted  as  a  kdk 
organ  to  give  information  concerning  various  states  of  teii«on 
in  the  muscle.  Contraction  of  the  muscles  in  which  thej  ire 
situated  must  necessarily  lead  to  alterations  in  the  pressure  of 
the  lymph  inside  them,  and  I  am  inclined  to  agree  with  those 
observers  who  assign  to  them  an  important  function  in  cod- 
nection  with  muscular  sense.  The  subject  is,  however,  etill 
obscure,  and  the  last  word  concerning  them  has  by  no  menu 
yet  been  said.  Benewed  attention  is  being  paid  to  them  JD^ 
now  by  the  neuro-pathologists,  I  need  only  refer  to  the  cart- 
ful studies  of  Batten  *  and  Grunbaum.f 

The  nerve  endings  in  the  heart  muscle  have  been  stndted 
by  Berkley,  J  Dogiel  and  Tumarzew,"  Heymans  and  Deinoor,| 

•  Bstten,  F,  E.  The  Muscle  Spindle  uoder  Pathological  CondilMN 
Brain,  Lond.,  vol.  ii  (1897),  pp.  138-179. 

tGrUnbaum,  A.  S.  Not«  on  Muscle  Spindles  in  Pseudo-Hypertrt^ 
Paraljsis.     Brain,  Lond.,  vol,  ii  (1807),  pp.  365-387. 

I  Berkley.  H.  J.  On  Complci  Nerve  Terminations  and  OanglitHi  Cell»  i" 
the  Muscnlar  Tissue  of  the  Heart  Ventricle.  Anat.  Ant,  Jena,  B4  ii 
(l«i3-'94),  S.  33-12. 

■  Dogiel,  J.,  a.  Tamariew,  Contribution  to  the  Comparative  AnatooiuJ 
Physiology  of  the  Heart.  (Russian)  Medycyna,  Kasan  (1893),  Xos.  40  "»1 
47.  Abstract  in  Merkel-Boniiet's  Ergebnisse  der  Anat.,  Bd,  iv  (18M).  S.!*: 
also  Dogiel,  A.  S,  Die  sensiblen  Nervenendigungen  im  Heraen  und  in  li" 
Bliitgetttsaen  der  SaOgethiere.  Arch,  f,  mikr.  Anat.,  Bonn.  Bd.  til  (19»i 
a  44-70. 

I  Heymani,  J.  F.,  et  L.  Demoor.     gtuile  de  I'innervation  da  cceor  d« 
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Jacques,*  and  Huber  and  De  Witt.  Whether  or  not  the  com- 
plex feltwork  of  fibres  which  these  investigators  find  through- 
out the  organ  have  to  do  with  the  mediation  of  centripetal  im- 
pulses or  whether  they  are  concerned  wholly  with  the  carrying 
of  motor  impulses  to  the  heart  muscle  fibres  has  not  yet  been 
determined.  The  fibres  in  Fig.  276  are  believed  by  Huber  and 
De  Witt  to  be  motor,  f  Similar  doubt  exists  concerning  the  na- 
ture of  nerve  endings  in  smooth  muscle  ;  enormous  numbers  of 
fine  fibrils  have  been  found  in  smooth  muscle  membranes,  and 
their  exact  relation  to  the  fibres  has  in  some  cases  been  care- 
fully studied ;  but  how  many  of  these  are  motor  and  how  many 
of  them  are  sensory,  remains  for  further  investigation  to  deter- 
mine. Certain  it  is  that  the  walls  of  tubes  which  have  smooth 
muscle  coats  are  well  supplied  with  sensory  nerves.     To  make 


Fio.  276. — Surface  view  of  cardiac  muscle  cells  with  nerve  endings.    (After  G.  C. 
Hober  and  Lydia  De  Witt,  J.  Comp.  Neurol.,  Granville,  vol.  vii,  1898,  pi.  xiv. ) 

this  clear  I  have  only  to  mention  the  intestine,  the  bile  duct, 
the  ureter,  the  bladder,  the  uterus,  and  the  blood-vessels.  In- 
testinal colic,  biliary  and  renal  colic,  are  accompanied  by  a  vari- 


vertebres  k  Taide  de  la  methode  de  Golgi.  Mem.  couron.  Acad.  roy.  de  med. 
de  Belg..  Brux.,  t.  xiii  (1894). 

*  Jacques,  P.  Recherches  sur  les  nerfs  du  coeur  cbez  la  grenouille  et  les 
mammiferes.    J.  de  Tanat  et  physiol.,  etc.,  Par.,  t.  xxx  (1894),  pp.  622-648. 

t  Tbe  sensorj  nerve  endings  in  the  heart  described  hj  Smimow  are  situ- 
ated in  the  connective  tissue,  not  in  the  muscle. 
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ety  of  pain,  characteristic  enough  to  be  designated  as  "  smooth 
muscle  pain."  The  labor  pains  connected  with  contractions  of 
the  uterus  are  of  a  similar  nature  ;  the  severe  pain  believed  bj 


^-> 


Fig.  277. — Intermuscular  end  arborization  from  the  left  wall  of  the  trarhea  *4 
the  dog.  The  bniad  meilullated  ner\-e  fibix'  belonging  to  it  is  \isiblf  f»»r 
some  difttance.  Methyleue-blue  preparation.  (After  A.  Arii^u-iu,  (t\aa 
Eauber's  text-lxM>k. ) 


many  to  be  associated  with  spasmodic  contraction  of  the  blood- 
vessels (angina,  migraine)  may  also  be  thought  of  here.  But 
whether  the  pain  in  these  cases  is  the  result  of  stimulation  of 
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Fio.  278. — L<jngitudinal  sc'Ction  of  involuntary  muscle  showing  nerve  eddingSL 
(After G.  ('.  Huber  and  Lydia  De  Witt,  J.  0>mp.  Neurol..  GranviUe,  vol.  \-ii, 
1898,  pi.  xiv,  Figs.  22  and  23. )  a,  axis  cylinder  terminating  :  6,  the  termiiia- 
tion  itself;  n,  nucleus  of  the  smooth  musi'le  cell. 

sensory  nerve  fibres  beginning  in  the  muscle  itself  or  in  the  con- 
nective-tissue structures  is  not  known.     In  the  trachea  inter- 
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muscular  nerve-endings  have  been  demonstrated  by  Arnstein 
(Fig.  277).  The  nerve  endings  described  in  connection  with  the 
smooth  muscle  of  the  iris  and  ciliary 
body  are  doubtless  concerned  in  the 
mechanism  of  pupillary  contraction  and 
of  accommodation  reaction.  In  Fig. 
278  the  motor  endings  on  the  smooth 
muscle-cells  of  the  intestine  are  illus- 
trated. The  findings  of  Retzius  on  the 
vasa  afferentia  in  the  glomeruli  of  the 
kidney  are  shown  in  Fig.  279.  The 
nerve  endings  on  the  lymph  vessels 
have  recently  been  described  by  Dogiel.* 
Recently  nerve  endings  have  been 
found  in  certain  pathological  new 
growths.  Thus  Reisner  f  has  found 
nerves  in  condylomata,  and  VollmerJ 
has  also  studied  nerve  endings  in  these 

growths.  Young,^  in  his  study  of  nerves  ^^^^  279.-Nerve  ending  on 
o  o'  '^  the  vas  afferens  in  the  cor- 

in  tumorSfhas  successfully  demonstrated     tex  of  the  kidney.    (After 

«,  vii.  jiixj         J  G.    Betzius,    Biol.    Unter- 

nerve  fibres,  both  meduilated  and  non-  such., Stockholm.)  m,  cor- 
medullated,  in  a  considerable  number  of     p"^'"^*  j?"^*  (Maipighi) ; 

uA^^MAAuv^vi.,  *«  w  v.v/.»o*v»v,«c«.^  V.  ui.i.xA«v^x  vA       ^^^  vas  affercns ;  n,  nerve. 

these  growths.     He  concludes  that,  in 

sarcomata  at  least,  nerves  are  just  as  much  an  integral  part  of 
the  tumor  as  are  the  sarcomatous  blood-vessels.  The  nerves 
were  not  followed,  however,  to  their  ultimate  terminations,  and 
it  must  for  the  present  remain  doubtful  whether  they  represent 
purely  vaso-motor  filaments  or  whether  among  them  definite 
sensory  fibres  also  exist. 


♦  Dogiel,  A.  S.  Die  Nerven  der  Lymphgefftsse.  Arch.  f.  raikr.  Anat., 
Bonn,  Bd.  xlix  (1897),  S.  791-797. 

f  Reisner,  A.  Ueber  das  Vorkomraen  von  Nerven  in  spitzen  Condylomen. 
Arch.  f.  Dermat.  u.  Syph.,  Wien  u.  Leipz.,  Bd.  xxvii  (1894),  S.  885-396. 

X  Vollmer,  E.  Nerven  und  Nervenendigungen  in  spitzen  Condylomen. 
Arch.  f.  Dermat.  u.  Syph.,  Wien  u.  Leipz.,  Bd.  xxx  (1895),  S.  363-380. 

»  Op.  cit,    Cf.  Chap.  IV,  p.  37. 


CHAPTER  XXXII. 

CENTRAL  AXONES  OF  PERIPHEBAL  CENTRIPETAL   NEURONES* 

Fibres  of  dorsal  roots — ^Origin,  course,  branching,  and  termination — Latenl 
and  medial  bundle  of  dorsal  root — Entry  zone — Methods  of  studjini 
intramedullary  continuations  of  dorsal  root  fibres — Myelinization  of 
fibres — Studies  of  Flechsig,  von  Bechterew,  Karusin,  and  Trepinski— 
Ventral,  middle,  and  dorsal  root  zones — Flechsig's  oval  centre — R*U- 
tions  of  myelinization  sub-systems  to  function — Trepinski's  four  tatul 
sub-systems — Studies  of  tabes. 

Central  Axones  of  Peripheral  Centripetal  Neurones, — Having 
considered  the  meduUated  peripheral  sensory  nerve  fibres  (disul 
processes  of  the  spinal  ganglionic  cells)  it  is  next  in  order  to 
consider  the  proximal  processes  of  those  cells,  those  which  enter 
the  central  nervous  system.     The  central  prolongations  of  the 
spinal  ganglion  cells  (which  together  make  up  in  mammals 
almost  the  entire  mass  of  fibres  in  the  dorsal  roots  of  the  spinil 
nerves)  approach  the  spinal  cord  and  plunge  into  it  at  the  dor- 
sal lateral  sulcus  where  the  neurilemma  of  the  individual  fibres 
is  lost.     The  fibres  on  entering  the  cord  divide  by  Y-ehaped 
division  into  an  ascending  and  descending  branch.     Of  these 
tlie  former  runs  a  shorter  or  longer  distance  before  terminating 
in  the  gray  matter  of  the  cord  or  in  the  case  of  some  fibres  in 
the  medulla  oblongata  or  cerebellum ;  the  descending  limb  ter- 
minates in  the  gray  matter  of  the  cord  after  running  downward 
for  a  very  short  distance.     On  their  way  these  axones  befow 
and  after  division  give  off  numerous  collaterals  which  also  mn 
into  the  gray  matter  to  end  free  among  the  cells  and  dendrites 
of  cells  situated  there.     In  this  way  the  mechanism  is  supplied 
by  means  of  which  the  impulses  arriving  by  way  of  the  periph- 
eral sensory  neurones  can  be  transferred  to  motor  neurone  in 
the  cord  or  to  centripetal  neurones  of  a  higher  order  which  in 
turn  conduct  impulses  to  higher  regions  of  the  nervous  system. 
The  regions  of  termination  of  the  fibres  are,  it  will  be  seen,  of 
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very  considerable  extent,  and  include  not  only  those  of  the  ter- 
minations of  the  main  fibres*  but  also  those  of  the  terminar 
tions  of  the  collaterals.  Although  an  enormous  amount  of  work 
has  been  done  concerning  the  more  exact  distribution  of  the 
dorsal  root  fibres  on  their  entrance  into  the  cord  and  the  course 
followed  by  their  intramedullary  prolongations,  we  are  even  now 
in  the  dark  concerning  many  points.  This  fact  will  be  evident 
from  the  following  summary  review  of  some  of  the  principal 
contributions  in  this  field. 

It  was  early  observed  that  each  dorsal  root  of  a  spinal  nerve 
on  entering  the  cord  consists  of  two  more  or  less  differentiated 
bundles,  a  lateral  bundle  consisting  in  the  main  of  fine  fibres, 
and  a  medial,  much  larger  bundle,  consisting  of  coarser  fibres. 
Lissauerf  showed  that  the  fine  root  fibres  become  separated 
almost  immediately  after  entrance  into  the  cord  from  the  coarser 
fibres  and  pass  over  directly  into  the  perpendicular  column  which 
he  termed  the  "  marginal  zone  "  (Randzone),  now  usually  spoken 
of  as  Lissauer's  fasciculus.  The  fibres  of  this  fasciculus  are  easily 
recognizable  by  their  ^mall  size.  The  rest  of  the  fibres  pass  me- 
dial ward,  a  large  number  of  them  running  in  for  a  long  distance 
close  to  the  dorso-medial  surface  of  the  dorsal  horn  of  the  gray 
matter.  This  zone  is  easily  recognizable  in  well-stained  Weigert 
preparations  of  the  adult  cord  cut  at  suitable  levels,  and  has 
been  called  by  Strumpell  and  Westphal  the  "  root  zone  "  or  "  root 
entrance  zone."  It  will  be  spoken  of  here  simply  as  the  entry 
zone  of  the  dorsal  roots.  The  further  course  of  the  fibres  was 
for  a  long  time  disputed.  Before  the  period  of  the  newer  inves- 
tigations many  authorities  believed  that  the  dorsal  root  fibres 
turned  directly  into  the  gray  matter  of  the  cord  and  were  direct- 
ly continuous  either  with  cells  there  or  with  a  network  or  felt- 
work.  It  is  now  known  that  relatively  few  dorsal  root  fibres 
enter  the  gray  matter  to  terminate  exactly  at  the  level  pf  their 
entrance.  On  the  contrary,  the  majority  of  them  run  up  and 
down  in  the  white  matter  after  bifurcation  for  some  distance 
before  entering  the  gray  substance.  When  they  do  eater  the 
gray  matter  they  are  not  found  to  be  the  processes  of  cells  situ- 
ated there,  but  end  by  exhausting  themselves  by  multiple  sub- 

•  Stammfasem  of  the  Germans. 

f  Lissauer,  H.  Beitrag  zura  Faserverlauf  im  Hinterborn  des  menschlichen 
BQcken  marks  and  zum  Verhalten  desselben  bei  Tabes  dorsalis.  Arch.  f. 
Psychiat.  u.  Nervenkr.,  Berl.,  Bd.  xvii  (1886),  S.  377-438. 
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division,  coming  into  relation  with  other  neurones  only  by  con- 
tact or  concrescence. 

A  knowledge  of  the  intramedullary  course  of  these  mednl- 
lated  axones  of  the  dorsal  root  fibres  has  been  gained,  aside  from 
the  simple  topographical  studies  of  serial  sections,  in  the  mun 
through  (1)  the  application  of  embryological  methods;  (2)  the 
study  of  secondary  degenerations,  (a)  experimentally  produced, 
and  (b)  the  result  of  disease  in  human  beings ;  and  (3)  the 
chrome-silver  method  of  Golgi. 

His's  researches  showed  that  the  dorsal  fasciculi  of  the 
spinal  cord  are  embryologically  the  result  of  ingrowth  of  the 
central  processes  of  spinal  ganglion  cells.  A  comparison  of 
the  number  of  fibres  in  the  dorsal  fasciculi  with  the  total 
number  of  those  of  the  dorsal  roots  prevented  many  from 
believing,  however,  that  the  dorsal  fasciculi  were  made  up  in 
the  main  of  dorsal  root  fibres.  At  this  time  the  Y-shaped 
division  of  the  dorsal  root  fibres  inside  the  spinal  cord  had  not 
been  discovered. 

The  myelinization  of  the  various  portions  of  the  dorsal  fas- 
ciculi has  been  carefully  studied  by  Flechsig,*  von  Bechterew,f 
and  Karusin.^ 

Flechsig's  studies  early  convinced  him  that  the  fibres  of  the 
dorsal  roots  and  of  the  dorsal  funiculi  do  not  become  inedol- 
lated  all  at  once.  On  the  contrary,  definite  groups  receire 
their  myelin  at  very  different  periods.  A  study  of  human 
foetuses  at  different  periods  of  development  has  established  the 
sequence  of  meduUation  in  the  different  bundles,  and  Flechsig's 
description  of  the  dorsal  funiculi  is  based  upon  the  results  of 
this  developmental  analysis,  and  largely  upon  preparations 
made  by  Trepinski  in  his  laboratory.  Each  dorsal  funicuJuF, 
exclusive  of  GoU's  bundle  (fasciculus  gracilis),  can,  according 
to  Flechsig,  be  divided  into  the  following  areas  : 

(1)  The  ventral  root  zone  {vordere  Wurzelzone). 


♦  Flechsig,  P.  Die  Leitungsbahnen  im  Gehirn  und  RQckcnmark.  Leipn? 
(1876).  and  especially  in  his  article  1st  die  Tabes  dorsalis  eine  *•  S.TJteo- 
Erkrankung."    Neurol.  Centralbl.,  Uipz.,  Bd.  ix  (1890),  S.  33:  72. 

t  Von  Bechterew,  W.    Die  Leitungsbahnen  im  Gehirn  und  Rackeomtfk. 

Leipzig  (1894). 

JKanisin,  P.  Das  Fasersystem  des  Riickenmarks,  entwickelungsr 
schichtlich  untersucht.  Moskau  (1894).  Abstract  by  Stierla  in  Me^kf^ 
Bonnet's  Ergebnisse  der  Anatomic  u.  Entwick.,  Bd,  v  (1895),  S.  145. 
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(2)  The  middle  root  zone  {miftlere  Wurzehone). 

(3)  The  dorsal  root  zone  {hintere  Wurzehone). 

(4)  The  median  zone  {mediane  Zone  der  Hinterstrdnge), 
The  median  zones  of  the  two  sides  make  up  in  the  lum- 

jar  region  what  is  often  spoken  of  as  the  ovales  Centrum  of 
Flechsig.  The  middle  root  zone  develops  in  two  parts  (first 
md  second  systems  of  the  middle  root  zone),  as  does  also  the 
iorsal  root  zone  (medial  and  lateral  portions  of  the  dorsal  root 
sone).  The  position  of  these  various  zones  is  clearly  shown  in 
;he  accompanying  diagrams  (Fig.  280).  The  sequence  of  med- 
illation  is  as  follows : 

(1)  The  ventral  root  zone  (Fig.  280,  V,r.z.). 

(2)  The  first  system  of  the  middle  root  zone  (M.r.z.)  and 
/he  median  zone. 

(3)  GoU's  fasciculi,  second  system  of  middle  root  zone  and 
;he  medial  portion  of  the  dorsal  root  zone  (D.r.z,). 

(4)  Last  of  all  toward  the  end  of  foetal  life  the  lateral  por- 
tion of  the  dorsal  root  zone  (Lissauer's  marginal  zone)  (Fig; 
280,  F.L.). 

Of  these  the  only  bundle  to  increase  steadily  in  cross  section 
as  one  passes  up  the  cord  is  Goll's  fasciculus.  All  other  regions 
show  in  the  thoracic  cord,  especially  in  its  middle  parts,  a  consid- 
erably less  area  in  cross  section  than  they  do  in  the  enlargements. 

As  to  the  origin  and  termination  of  the  nerve  fibres  con- 
;ained  in  the  different  foetal  zones,  Flechsig,  when  he  wrote  in 
L890,  believed  that  the  ventral  root  zone  (  V,r.z.)  received  very 
nany,  probably  all,  of  its  fibres  direct  from  the  dorsal  roots  of 
he  spinal  nerves ;  they  went,  he  thought,  into  the  dorsal  horn 
ifter  a  longer  or  shorter  course.  In  front  of  the  dorsal  horn 
:hey  vanished,  although  he  could  not  make  out  their  exact  ter- 
mination. He  felt  sure  that  they  have  nothing  to  do  with  the 
nucleus  dorsalis. 

The  fibres  of  the  first  system  of  the  middle  root  zone  he 
believed  come  entirely  from  the  dorsal  roots  and  end  after  a 
short  course  by  turning  into  the  nucleus  dorsalis  (Clarkii).  As 
to  the  origin  and  termination  of  the  fibres  in  the  median  zone 
^®  could  make  no  statement.  Concerning  the  fibres  of  Goll's 
■^scicnlus,  Flechsig  could  give  no  direct  proof  from  the  study  of 
^^  foetus  that  they  have  their  origin  in  the  dorsal  roots.  He 
■^^Id  first  certainly  demonstrate  them  as  compact  bundles  of 
^l>re8  in  the  region  of  the  tenth  thoracic  nerve.     Further  down 
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Middle  of  intumescentia  cervicalLs  :  A,  memberment  of  dorsal  funiculi  as  reToM 
by  study  of  myelinizatiou  ;  B,  lesion  in  a  case  of  incipient  tabea. 
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Pars  thoracalis :  C,  section  through  mid-thoracic  region  illustrating  myeliom- 
tion  memberment ;  D,  section  through  upper  thoracic  region  showing  leaei 
in  a  case  of  incipient  tabes. 
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Intumescentia  lumbalis:  E,  memberment  as  revealed  by  study  of  mycUniati* 

F,  lesion  in  a  case  of  incipient  tabes. 

Fig.  280.— Figures  illustrating  the  dorsal  funiculi  in  the  cervical  thondc"^ 
lumbar  regions  of  the  spinal  cord.  Those  on  the  left  side  illustmte  lh**» 
bryological  memberment,  those  on  the  right  side  the  lesions  in  ouf»* 
incipient  tabes.  (After  P.  Flechsig,  Neurol.  C«ntralbl..  Leipz.,  B(L  ii  1* 
S.  73,  Figs.  1,  2,  3,  4,  5,  and  6. )    Lettering  explained  in  text 
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the  fibres  appeared  to  be  distributed  over  the  whole  cross  sec- 
tion of  the  middle  root  zone.* 

The  fibres  of  the  medial  portion  of  the  dorsal  root  zone 
{D.r.z.)  all  come,  according  to  Flechsig,  from  the  dorsal  roots. 
They  leave  the  dorsal  funiculi  by  three  paths :  (a)  The  fibres 
most  medially  laid  run  in  part  in  the  raphe  forward  to  the  dorsal 
commissure  and  then  bend  out  toward  the  dorsal  horn.  These 
fibres  have  nothing  to  do  with  GoU's  fasciculus,  (b)  The  lat- 
eral fibres  leave  the  dorsal  fasciculi  from  the  side,  crossing 
the  entering  dorsal  roots  at  an  acute  angle,  and  arrive  at  the 
dorsal  horns,  whence  they  run  forward,  (c)  The  main  mass  of 
^bres  runs  through  the  middle  root  zone  to  enter  the  dorsal 
horns  midway  between  the  dorsal  commissure  and  the  periphery 
of  the  cord.  These  bundles  run  forward  as  far  as  the  periphery 
of  the  ventral  horns,  becoming  lost  between  the  fibres  of  the 
ventral  roots  and  the  large  ganglion  cells  of  the  ventral  horns. 

The  fibres  of  the  lateral  portion  of  the  dorsal  root  zone  (Lis- 
sauer's  marginal  zone)  run,  just  as  Lissauer  described  them,  to 
the  fine  plexus  of  fibrils  in  front  of  the  dorsal  commissure  and 
to  the  lateral  limiting  layer  of  the  gray  substance.  All  fibres  of 
this  zone,  Flechsig  believes,  have  their  origin  in  the   dorsal 

roots,  t 

This  memberment  of  the  dorsal  funiculi  does  not  correspond 
to  that  based  upon  secondary  degeneration  after  lesion  of 
dorsal  roots  {tnde  infra)^  and  apparently  the  former,  unlike  the 
latter,  does  not  correspond  to  the  different  length  of  the  fibres. 
It  is  Flechsig's  opinion  that  his  areas  correspond  to  specific 
sense  qualities  (muscle-sense,  sense  of  touch,  of  pain  and  the 
like),  the  different  systems  having  different  peripheral  connec- 
tions. While  the  areas  outlined  by  degeneration  secondary  to 
lesion  of  dorsal  roots  differ  much  from  those  which  result  from 

•  Earlier,  Flechsig  believed  that  the  fibres  of  GolFs  fasciculus  have  their 
origin  also  in  the  dorsal  zone,  and  perhaps  even  more  widely.  They  are  more 
numerous  in  the  medial  portion  of  the  middle  root  zone  than  in  the  lateral 
portion.  Flechsig  believes,  however,  that  the  fibres  of  Goll's  fasciculus 
really  represent  intramedullary  continuations  of  dorsal  root  fibres,  and  urges 
against  von  Bechterew*s  objection  that  the  dorsal  roots  are  all  meduUated 
before  Goll*8  fasciculus,  that  his  own  observations  show  that  when  the  fibres 
of  Goirs  fasciculus  receive  their  myelin  sheaths  there  are  still  many  fibres 
in  the  dorsal  roots  which  are  non-medullated. 

f  Tt  will  be  noticed  that  this  description  belongs  to  the  period  preceding 
that  in  which  collaterals  were  distinguished  from  terminals. 


THE  XEBVOrS  STSTKIL 


tmbnulo^cul  snalysiB,   Flecheig    usertB    that    in    loooraots 
Maiin  the  leuons  in  the  dorsa]  fonicnli  conform  to  the  Utts 
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and  not  to  the  former.  The  degenerations  in  this  disease  to 
well  worked  out  by  Charcot  and  Pierret,  Westphal,  Struinpell, 
and  others,  Flechsig  asserts  on  closer  analysis  show  a  very  dis- 
tinct parallelism  with  the  areas  outlined  from  the  study  of  the 
ftetna.  In  beginning  tabes  he  finds  that  the  disease  is  neart; 
always  localized  to  the  areas  designated  by  him  as  the  '■'■  middle 
root  zone  "  and  the  "  median  zone  "  (these  receive  their  myelin 
eimnltaneously,  n'lle  gupra),  all  other  regions  remaining  at  fii^ 
intact.  A  comparison  of  the  two  sides  of  Fig.  280,  and  of 
Fig.  281  (fcetal  markings)  with  Fig.  28'i  (degeneration  in 
tabes)  illustrates  strikingly  the  parallelism.  After  tabes  hu 
passed  the  incipient  stage  the  zones  which  develop  later  may  be 
attacked  in  variable  order,  although,  as  a  rule,  the  first  to  suffer 
is  the  lateral  portion  of  the  dorsal  root  zone,  together  with 
GoU's  fasciculi,  and  later  the  medial  portion  of  the  dorsal  root 
zone.  The  ventral  root  zone  appears  to  be,  without  exception, 
the  last  to  be  attacked. 

Von  Bechterew  airrees  in  the  main  with  the  views  of  Flectuig- 
He  also  divides  the  fasciculus  cuneatus  of  Burdach  into  a  Tentral. 
a  Interal.  and  a  dorsal  loue,  but  does  not  object  to  the  insertion  bf 
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Flechsig  of  &  middle  zone  between.  In  von  Bechterew's  book  (1894) 
there  is  some  stress  laid  upon  differences  in  the  time  of  meclullation 
of  certain  portions  of  the  fasciculus  gracilis  of  Goil.  The  first  por- 
tion of  this  fasciculus  to  become  meduIJated,  according  to  him,  istliat 
immediately  adjacent  to  the  median  septum,  an  area  which  corre- 
sponds to  Flechaig-'s  mediane  Zone.  In  addition  to  this,  he  distin- 
g'uishes  two  other  systems  of  fibres  in  the  fasciculus  gracilis  :  (1)  An 
area,  gm,  taking  in  the  major  part  of  the  fasciculus,  and  situated 
just  external  to  the  median  zone :  and  (2)  a  narrow  stripe,  gl.  lying 
between  the  area,  gm,  and  the  fasciculus  cuneatus.  The  latter,  von 
Bechterew  states,  is  Die  portion  of  tlie  dorsal  fasciculi  of  the  spinal 


Fra.  282.— Cross  smtion  throoBh  the  spinal  vatA  at  the  level  of  the  third  lumbar 
nerve.  a  H',  lateml  donjil  root  zuiie :  A  H',  medial  diiml  mot  zune ;  m. 
median  <i>mi»rlinent  of  the  latter;  mlC,  middle  roul  wine  (deKeueniled). 
htfnnnine  tabes:  rlT,  ventral  niot  zone;  Pf.  latisral  pyramidal  tract  de- 
IfenerateJ.  (After  P.  FlcvhaiR,  Seurol.  Centmlbl..  Leipi..  Bd.  ii,  1890,  S.  77. 
Fig.  7.) 

cord,  the  last  to  become  medullated.  He  asserts  with  emphasis  that 
the  whole  of  Goll'a  fasciculus  (with  the  exception  of  the  "  median 
loiie."  which  he  thinks  has  its  origin  in  dorsal  root  fibres)  is  made 
up  of  medullated  axones,  which  are  processes  of  cells  situated  in 
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the  dorsal  horns  of  the  gray  matter  of  the  spinal  cord.*  This  view 
is  in  direct  contradiction  to  the  results  of  the  studies  of  seoondair 

9 

degenerations,  and  of  those  in  which  Golgi's  method  has  been 
employed  (vide  infra).  Von  Bechterew  further  thinks  that  while 
a  part  of  the  fibres  of  GolPs  bundle  run  all  the  way  to  the  mednik 
oblongata  without  interruption,  another  portion  is  interrupted  and 
continued  upward  only  by  the  intercalation  of  other  cellular  ele- 
ments situated  in  the  dorsal  horns. 

Karusin,  who  has  recently  gone  over  this  whole  subject  with 
the  same  method,  having  a  large  amount  of  material  at  his  di^ 
posal,  states  emphatically  that  sharp  limitations  of  single  regions 
can  not  be  made  out.  He  holds  that  while  it  i&  true  that  the  fiist 
well-developed  fibres  appear  in  the  entry  zone  {Einstrahlungszmif 
of  von  Lenhossek,  or  ventrale  Wurzelzone  of  Flechsig),  at  later 
periods  the  process  of  myelinization  occurs  diffusely  in  all  dire^ 
tions.  He  concludes  that  only  three  well-separated  regions  in  the 
dorsal  fasciculi  are  to  be  made  out :  (1)  The  fasciculus  cuneatus,  (1 
the  fasciculus  gracilis,  and  (3)  Lissauer's  marginal  zone.  He  insist 
that  a  connective-tissue  sheath  separates  the  fasciculus  gradiis 
from  the  fasciculus  cuneatus,  a  finding  which  he  looks  upon  as  a 
strong  argument  in  favor  of  the  anatomical  individuality  of  the 
two  fasciculi,  t 

As  has  been  stated,  Flechsig^s  publication  in  1890  was  hosed 
upon  the  study  of  sections  made  in  his  laboratory  by  Trepin^ 
Trepinski  himself,  now  at  Zoppot^  has  continued  the  studies,  begun 
in  Flechsig's  laboratory,  during  the  past  eight  years,  and  in  18SS 
has  written  a  paper,  t  in  which  he  comes  to  conclusions  which  differ 
materially  from  those  of  Flechsig.  Leaving  out  of  consideratioo 
the  fibres  of  Li^sauer's  marginal  zone,  he  states  that,  con^spondioj: 
to  the  period  of  myelinization,  there  are  four  distinct  fibre  system* 
to  be  differentiated  from  one  another  in  the  dorsal  funiculi  of  the 
human  cord.      These  fibre  systems,  the  areas  of  distribution  trf 


♦  As  is  pointed  out  further  on,  all  the  recent  evidence  is  in  exact  oppo- 
sition to  this  view  of  von  Bechterew.  The  fibres  of  the  fasciculus  grtcil^ 
(Golli)  appear  to  be  almost  wholly  intramedullary  continuations  ofdoniJ 
root  fibres,  while  those  in  the  median  zone  almost  all  represent  medolbti^ 
axones  of  neurones,  the  cell  bodies  of  which  are  situated  within  the  gnf 
matter  of  the  spinal  cord  itself. 

f  There  is  no  getting  around  the  fact,  however,  that  the  long  fibres  <^f 
the  dorsal  roots  of  the  lower  spinal  nerves  which  enter  the  fasciculus  cium 
tus  are  continued  upward  in  the  fasciculus  gracilis.    Secondary  degenen- 
tions  prove  this  beyond  the  shadow  of  a  doubt. 

X  Trepinski.  Die  embryonalen  Fasersysteme  in  den  HinterstriUigra  bb^ 
ihre  Degeneration  bei  der  Tabes  dorsalis.  Arch.  f.  PsychiaL  and  ^ 
venkr.,  Berl.,  Bd.  xxx  (1897),  S.  54-81. 
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which  frequently  overlap,  attain  to  a  ripe  condition — that  is,  com- 
plete the  process  of  medullation  in  fcBtuses  24  cm.,  28  cm.,  35  cm., 
and  42  cm.  long,  respectively.  In  foetuses  of  the  last  len^ifth  the 
whole  dorsal  funiculus  is  fully  medullated,  although  the  fibres  of 
Lissauers  marginal  zone  are  then  only  beginning  to  receive  their 
myelin  sheaths.  A  number  of  the  figures  accompanying  Trepin- 
ski's  article  are  here  reproduced  (Figs.  283-291). 

While  it  is  true  that  the  areas  of  distribution  of  the  four  fibre- 
systems  overlap  one  another  to  a  certain  extent,  these  can  be  deter- 
mined by  an  analysis  of  the  varying  appearances  presented  in  the 
dorsal  funiculi  at  different  stages  of  development 

In  the  dorsal  funiculus  of  fcBtuses  24  cm.  long  there  are  many 
medullated  fibres  present,  but  not  everywhere  in  the  cross  section. 
The  dorsal  part  of  the  dorsal  funiculus  (Fig.  283,  a)  in  the  lumbar 


a 


p. 


4 


0  ^       ^\|l?i? 


Fio.  283.    (24  cm.)        f IG.  284.     (24  cm.)  Fig.  285.    (28  cm.) 

region  is  devoid  of  myelin ;  the  more  ventral  parts  (Fig.  283,  c)  are 
regularly  studded  with  nerve  fibres,  but  even  here  the  individual 
fibres  are  separated  from  one  another  by  considerable  distances.  In 
the  thoracic  and  cervical  cord  there  are  no  medullated  fibres  in  the 
dorsal  region  of  the  dorsal  funiculus  (Fig.  284,  6),  nor  are  there  any 
in  the  middle  region  of  each  dorsal  funiculus  (Fig.  284,  a) ;  the  only 
medullated  fibres  present  are  situated  in  a  narrow  stripe  near  the 
median  septum  (Fig.  284,  d),  and  in  a  somewhat  broader  stripe  along 
the  dorsal  horn  (Fig.  284,  c).  In  the  most  ventral  region  of  the 
funiculus  these  medullated  areas  go  over  into  one  another.  The 
Hon-medullated  regions  are  continuous  with  one  another  at  the  dor- 
sal periphery. 

In  foetuses  28  cm.  long  the  appearance  of  the  dorsal  funiculi  in 
all  regions  is  very  different  from  the  foregoing.  In  the  lumbar 
oord,  which  has  by  this  time  grown  to  be  considerably  larger,  not 
only  is  the  dorsal  poHion,  which  before  was  non-medullated,  now 
^^gularly  studded  with  medullated  fibres  (Fig.  286),  but  the  ventral 
portions  have  many  more  medullated  fibres  in  them  than  before, 
^he  individual  medullated  fibres  now  standing  much  closer  together 
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than  in  the  foetus  24  cm.  long,  the  new  fibres  evidently  oecupTin^ 
the  interspaces  between  the  older  ones.  It  is  obvious,  ther^ort 
that  this  second  system  of  fibres  occupies  the  whole  cross  section  U 
the  lumbar  portion  of  the  dorsal  funiculi,  although  Trepinski  state 
that  the  dorsal  region  of  the  dorsal  funiculus  contains  more  of  tint 
fibres  of  the  new  system  than  does  the  ventral  reg'ion.  for  in  a 
foetus  28  cm.  long,  the  dorsal  region  previously  entirelj^  iion-medo] 
lated  is  almost  as  thickly  studded  with  meduUated  fibres  as  is  the 
ventral  region. 

In  the  thoracic  cord  and  in  the  cervical  cord  there  has  also  hten 
a  marked  increase  of  medullated  fibres  when  the  foetus  has  attained 
a  length  of  28  cm.  The  regions  of  the  dorsal  funiculi,  which  in  the 
foetus  24  cm.  long  were  non-medullated,  are  now  occupied  by 
medullated  fibres,  and.  further,  •ven  those  regions  which  showed 
medullated  fibres  before  now  contain  a  greater  number  of  them,  for 
the  individual  fibres  stand  closer  together.  The  distribution  uf  tbe 
new  fibres  in  the  cross  section  is,  however,  not  even,  and  the  cross 
section  shows  light  areas  and  dark  areas  in  Weigert  preparations, 
which  are  quite  different  in  distribution  from  those  characteristic 
of  the  previous  period  of  development. 

In  the  thoracic  cord  the  lightest  part  of  the  cross  section  at  this 
stage  is  the  middle  region  of  the  dorsal  funiculus  (Fig*.  286,  6» ;  it 
has  the  form  of  a  stripe  which  goes  from  the  dors^  periphery  almoeii 
to  the  ventral  extremity  of  the  funiculus.  The  dorsal  funiculus  in 
the  thoracic  region  thus  becomes  divided  into  a  middle  light  pttit 
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(Fig.  286,  6),  a  lateral  dark  part  (Fig.  286,  c),  and  a  medial  dark  part 
(Fig.  286,  a). 

In  the  cervical  cord  in  the  foetus  28  cm.  long  the  fasciculus  cth- 
cilis  (Fig.  287.  a),  owing  to  the  small  number  of  medullated  fibres 
present  in  it,  appears  light,  with  the  exception  of  a  narrow  stripe 
near  the  median  septum  (Fig.  287,  d),  a  region  which,  it  will  be 
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r«called,  contained  some  niedullated  fibres  m  the  foetus  24  cm.  long. 

The  dark  slripe  of  Goll's  fasciculus  passes  over  at  the  most  ventral 

region  of  tlie  dorsal  funiculus  into  the  mwlullated  area  which 

corresponds  to  the  fasciculus  cuneatus     The  second  f<\  stem  of  fibres 

therefore  in  the  cervical  re  o 

gion  IS  distributed  over  the 

whole  cross  section  but  the 

fibres   of     the    system    are 

much  more  numerous  in  the 

narrow  stripe  occupj  ing  the 

medial  portion  of  the  fas 

ciculus  gracilis  and  in  the 

wide    stnpe    corresponding 

to  the  fasciculus  cuneatus 

There    are    relatively    few 

fibres  of  the  sjst«m  situated 

in  the  lateral  portion  of  the 

fasciculus  gracilis 

It  IS  thus  seen  that  the 

second  s}st«m  of  fibres  (foe 

tus  28  cm  long)  differs  from 

the   first    sjslem    of    fibres 

(foetus  a  cm  long)  not  only 

in  the  time  of  medullation, 

but  also  in  the  arrangement  of  fibres  as  seen  in  the  cross  section. 

Tlie  mistake  must  not  be  made  of  thinking  that  all  the  fibres  seen 

to  be  medullated  in  the  foetus  28  cm.  long  belong  to  the  second 
system  ;  Trepiiiski's  meaning'.  I  take  it,  is  tliat  to  the  second  system 
belong  only  those  fibres  which  have  received  tlieir  myelin  slieatlis 
<luring  the  period  of  growth  extending  from  the  time  when  the 
foetus  was  34  cm.  long  to  the  time  when  the  fuetus  is  28  cm.  long. 

The  third  system  of  fibres  in  the  dorsal  funiculi,  entirely  non- 
xoedullated  in  the  fteluses  28  cm.  long,  attains  its  full  development 
iu  fcetuses  35  cm.  long.  In  the  fcetus  28  cm.  long  the  cross  section 
-of  the  dorsal  funiculus  in  the  lumbar  region  was  evenly  studded 
■with  niedullated  6bre.s.  In  the  fcetus  35  cm.  long  there  is  seen  to 
■fce  one  area  which  in  Weigert  preparations  takes  a  very  dark  stain, 
-while  other  parts  are  stained  of  a  light  color  (Fig,  28S).  This  is 
owing  to  the  fact  that  in  the  dark  region  there  has  been  a  great 
increase  in  the  number  of  meduUated  fibres.  The  new  fibres  (those 
-of  Trepinski's  third  system)  occupy  on  the  cross  section  stained  by 

Weigert 's  method  the  greater  part  of  the  lumbar  dorsal  funiculus 

<Fig.  288,  c).  The  area  in  which  they  are  distributed  is  limited  dor- 
ssally  by  a  curved  line,  behind  which  the  dorsal  funiculus  looks  light 

<Fig.  2K8.  b).    Near  the  median  septum  too  there  is  a  light  stripe 

<Fig.  288,  a),  which  is  continuous  with  the  dorsal  light  region; 
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besides,  the  most  ventral  part  of  the  lumbar  dorsal  funiculus  (Fig. 
288,  /)  looks  light  in  comparison  with  the  dark  area,  but  here  the 
demarcation  is  not  sharp. 

In  the  thoracic  cord  of  a  foetus  35  cm.  long  there  is  a  memW 
ment  into  light  and  dark  areas,  but  this  memberment,  as  Trepin- 
ski^s  drawings  show,  is  quite  different  from  that  described  in  the 
foetus  28  cm.  long  (cf.  Fig.  289  with  Fig.  286).  In  the  foetus  35  cm. 
long  only  the  more  ventral  part  of  the  lateral  portion  of  the  dorsal 
funiculus  (Fig.  289,  c)  is  dark;  the  dorsal  portion  of  the  lateral 
region  (Fig.  289,  h)  appears  now  to  be  light,  although  in  the  foetus 
28  cm.  long  it  was  just  as  dark  as  the  ventral  portion  of  this  latsal 
region.  Further,  at  this  period  (foetus  35  cm.  long)  the  lateral  dark 
region  is  considerably  broader  than  it  was  at  the  earlier  period 
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(foetus  28  cm.  long),  so  that  the  outer  dark  region  now  includes  the 
middle  light  stripe  of  the  earlier  developmental  stage.  The  medial 
dark  part  (Fig.  289,  d)  in  foetuses  35  cm.  long  consists  of  a  narroir 
stripe  situated  near  the  median  septum,  a  stripe  which  at  the  ven- 
tral end  of  the  dorsal  funiculus  goes  over  without  limitation  into 
the  lateral  dark  area.  The  latter  does  not,  however,  reach  tbf 
dorsal  periphery.  Owing  to  the  narrow  limits  of  the  medial  dark 
area  there  is  a  much  more  extensive  light  area  (Fig.  289,  aiin  the 
thoracic  cord  of  foetuses  35  cm.  long  than  existed  in  foptuses  ^ 
cm.  long. 

In  the  cervical  cord  of  foetuses  35  cm.  long  the  third  system  of 
fibres  is  distributed  in  the  greater  part  of  the  fasciculus  cuneato^ 
(Fig.  290,  c),  only  the  small  dorsal  portion  of  the  same  (Fig.  29i>,ft' 
showing  no  increase  in  fibres  ;  this  dorsal  portion  is  now  of  a  li^bt 
color,  although  in  foetuses  28  cm.  long  it  was  just  as  dark  as  thf 
more  ventral  portions  of  the  fasciculus  cuneatus.     The  fibres  of  ihf 
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third  system  are  distributed  also  in  the  medial  portion  of  the  fascic- 
ulus g^cilis  (Fig.  290,  d),  as  is  shown  by  an  increase  of  the  medul- 
lated  fibres  situated  there  at  this  developmental  stage.  This  region 
of  GolFs  fasciculus  is  now  closely  studded  with  medullated  fibres, 
and  looks  darker  than  the  more  lateral  portions  of  this  fasciculus 
(Fig.  290,  a).  On  comparing  the  dark  medial  part  of  Goll's  fascicu- 
lus in  the  fcetus  35  cm.  long  with  that  of  the  foetus  28  cm.  long,  it 
will  be  seen  that  the  region  at  the  later  period,  though  considerably 
larger,  shows  fibres  standing  much  more  closely  together  than  in 
the  earlier  stage.  The  medial  dark  portion  of  the  fasciculus  gra- 
cilis is  continuous  with  the  dark  portion  of  the  fasciculus  cuneatus 
at  the  ventral  region  of  the  dorsal  funiculus. 

The  fourth  system  of  fibres,  according  to  Trepinski,  has  com- 
pleted its  development  by  the  time  the  foetus  has  attained  a  length 
of  42  cm.,  for  at  this  period,  he  states,  all  parts  of  the  cross  section  of 
the  dorsal  funiculi  are  evenly  studded  with  medullated  nerve  fibres. 
The  change  in  the  appearance  of  the  cross  section  is  evidently  due 
to  an  increase  of  medullated  fibres,  which  have  come  in  to  occupy 
the  light  regions  between  the  fibres  already  present  in  them  at  ear- 
lier developmental  stages.    It  is  accordingly  easy  to  define  the 
areas  of  distribution  of  the  fibres  of  the  fourth  system.    Thus  in  the 
lumbar  cord  the  nerve  fibres  of  this  system  occupy  the  dorsal  por- 
tion (Fig.  288,  6).  a  medial  region  (Fig.  288,  a),  and  a  ventral  field 
(Fig.  288,  /)  of  the  dorsal  funiculi.     In  the  thoracic  cord  they  spread 
out  in  the  dorsal  region  (Fig.  289,  b)  and  the  middle  part  (Fig.  289,  a) 
<^f  the  dorsal  funiculi.     In  the  cervical  cord  they  lie  in  the  dorsal 
|)art  of  the  fasciculus  cuneatus  (Fig.  290,  b)  and  the  lateral  part  of 
the  fasciculus  gracilis  (Fig.  290,  a).    Later  stages  of  development 
54how,  according  to  Trepinski,  no  alteration  in  the  appearances  of 
the  dorsal  funiculi,  so  that  he  assumes  that  all  the  fibre  systems  are 
present  in  foetuses  42  cm.  long. 

At  this  period  Trepinski  could  make  out  medullated  fibres  for 
the  first  time  in  the  region  of  Lissauer's  marginal  zone,  an  area 
^which  in  reality  belongs  to  the  lateral  funiculus  of  the  cord.  Even 
in  foetuses  47  cm.  long  the  myelin  development  in  this  region  does 
not  appear  to  be  complete,  for  the  medullated  fibres  stand  much 
farther  apart  then  than  in  the  adult  individual. 

Trepinski  asserts,  therefore,  that,  leaving  out  Lissauer^s  zone,  it 
is  easy  to  distinguish  in  the  dorsal  funiculi  four  embryonic  systems 
of  nerve  fibres.  The  area  of  distribution  in  the  cross  section  corre- 
sponding to  each  of  these  fibre  systems  can,  he  thinks,  be  established 
with  exactness,  in  spite  of  the  fact  that  the  fibres  of  different  systems 
mix  up  with  one  another,  for  each  of  the  systems  when  it  appears 
leads  to  an  alteration  in  the  appearance  and  memberment  of  the  dor- 
sal funiculi.  Each  of  the  four  systems  lies,  in  the  upper  regions  of 
the  spinal  cord,  partly  in  the  fasciculus  cuneatus,  partly  in  the 
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fasciculus  gracilis,  and  since  medullation  is  completed  in  the  fascic- 
ulus gracilis  at  the  same  period  as  in  the  fasciculus  cuneatus^  it  b 
obvious  that  from  the  study  of  development  alone  Goll's  fascicnli 
are  composed  of  the  same  embryonic  fibre  systems  as  are  Burdacb's 
fasciculi. 

Trepinski,  like  Flechsig,  believes  that  the  disti'ibutiou  of  the 
embryonic  fibre  systems  affords  the  clew  to  the  varying  pictmcs 
met  with  in  tabetic  degeneration.  In  his  article  he  gives  a  number 
of  examples  of  cases  of  tabes  illustrating  his  view.  And  it  must  be 
granted  that  if  his  drawings  are  objective,  the  parallelism  between 
the  tabetic  degeneration  and  the  stages  of  myelinization  is  remark- 
ably striking.  No  student  of  tabes,  at  any  rate,  can  afford  to  ore^ 
look  these  studies  of  Trepinski.  It  would  lead  us  too  far  if  we 
attempted  to  compare  the  findings  in  cases  of  tabes  with  the  findings 
in  the  embryonic  spinal  cord.    One  example  from  Trepinski  s  artick 


Fio.  291. 

may,  however,  be  given.    In  a  case  of  beginning  lumbar  tabes  Tre- 
pinski found,  in  addition  to  a  degeneration  of  Lissauer*s  zone  and  of 
certain  parts  of  the  gray  matter  of  the  cord,  a  moderate  degener«tioB 
in  the  middle  region  of  the  dorsal  funiculi  (Fig.  291,  e).    Thedord 
parts  of  these  funiculi  (Fig.  291,  b)  look  healthy,  as  do  the  medial 
regions  connected  with  the  dorsal  parts  and  lying  close  to  the  m^ 
dian  septum  (Fig.  291,  a)  and  a  ventral  field  in  the  dorsal  funicai 
(Fig.  291,  /).    This  distribution  of  degenerated  fibres  in  the  doral 
funiculi  leads  to  a  memberment  reminding  one  immediately  of  i^ 
met  with  in  the  spinal  cord  of  a  fcetus  35  cm.  long  (cf.  Fig.  ^' 
with  this  difference,  that  the  portions  which  were  of  a  light  cole 
in  the  foetal  dorsal  funiculus  appear  dark  in  the  diseased  cord,*"* 
vice  versa.    It  will  be  remembered  that  in  the  foetal  dorsal  fun^"^ 
lus  this  special  appearance  was  brought  about  by  the  ripening  » 
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the  third  system  of  fibres.  Trepinski  believes  that  the  member- 
ment  in  the  diseased  cord  in  this  case  must,  therefore,  be  due  to  the 
degeneration  and  disappearance  of  that  system  of  fibres  which 
caHed  forth  the  memberment  in  the  spinal  cord  of  the  foetus.  He 
concludes,  therefore,  that  in  this  case  of  tabes  the  degeneration  has 
affected  the  third  embryonic  fibre  system  alone.  .  That  in  the  de- 
generated area  many  healthy  nerve  fibres  remain  is  easily  ex- 
plained, for  in  among  the  fibres  of  the  third  system  there  exist 
fibres  of  the  first  and  second  system.  If  the  fibres  of  the  third 
system  alone  be  diseased,  then  the  fibres  of  the  other  system  should 
remain  over  as  healthy  fibres  in  the  degenerated  region.  He  cites 
a  series  of  interesting  cases  which  he  has  met  with,  and  illustrates 
them  by  drawings  of  the  sections,  but  for  these  the  reader  must 
consult  the  original  article. 


CHAPTER  XXXIII. 

CENTRAL  AXONES  OF   PERIPHERAL  CENTRIPETAL   NEURONES. 

(Continued.) 

Studies  of  secondary  degenerations — Experimental  investig^ions — \jssms 
of  single  dorsal  roots  in  human  beings — Studies  of  ca.ses  of  transTen^ 
lesion  of  the  spinal  cord — Fibres  emiries^  fibres  longues  ei  fibres  fiwf 
ennes  of  P.  Marie— Ascending  degenerations  in  dorsal  funiculi— De- 
scending degenerations — The  comma  of  Schultze — Fibres  eridogkntt  of 
P.  Marie — Triangle  midian  of  Gombault  et  Philippe — Flechsig's  otsI 
centre — Descending  septo-marginal  tract  of  Bruce  and  Muir — DesMsd* 
ing  limbs  of  dorsal  root  fibres— Axones  of  spinal  cord  cells  enteiioi 
dorsal  funiculi — Excentric  position  of  long  fibres — Ascending  endtijfe- 
nous  fibres  in  dorsal  funiculi — Aniemic  necrosis  following  ligature  of 
abdominal  aorta — Fasciculus  dorsalis  proprius— Terminals  of  dorsil 
root  fibres  as  studied  by  Marchi's  method. 

The  methods  of  studying  secondary  degeneration  applied  t4) 
the  dorsal  fasciculi  have  supplied  us  with  a  large  number  of 
facts  of  the  highest  degree  of  importance.  In  animals,  if  one 
or  more  dorsal  roots  be  cut  between  the  spinal  ganglia  and  thf 
spinal  cord,  the  intramedullary  continuations  of  these  fibres  un- 
dergo secondary  degeneration,  and  can  be  studied  later  by  Wei- 
gert's  method  or,  better  still  in  some  cases,  by  the  method  of 
Marchi.  In  this  way  it  is  possible  to  determine  the  exact  poa- 
tion  in  all  parts  of  the  spinal  cord  of  the  intramedullary  con- 
tinuations of  any  desired  dorsal  root.  Without  reviewing  in 
detail  all  the  individual  researches  made  in  this  field,  the  resulti 
in  general  may  be  thus  stated :  After  section  of  the  dorsal  root  of 
a  spinal  nerve  between  the  ganglion  and  the  cord,  both  the  lateral 
and.  medial  bundle  of  fibres  (seen  just  after  entrance)  undergo 
complete  degeneration  and  can  be  easily  studied.  Immediately 
above  the  level  of  entrance  of  the  nerve  root  concerned  theff 
is  degeneration  in  the  entry  zone.  If  the  lesion  be  situate  lo» 
down  in  the  spinal  cord,  an  examination  of  transverse  section.* 

made  at  different  levels  up  the  cord  shows  two  things:  (1)^ 
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progressive  diminution  in  the  number  of  degenerated  fibres  as 
the  cord  is  ascended ;  (2)  a  gradual  change  in  the  position  oc- 
cupied by  the  degenerated  fibres.  The  first  observation  proves 
that  the  fibres  of  a  dorsal  root  which  ascend  in  the  cord  stop  at 
different  levels ;  the  second  proves  that  fibres,  which  low  down 
in  the  cord  are  situated  near  the  gray  matter  in  the  entry  zone, 
higher  up  come  to  occupy  a  position  more  dorsal  and  medial, 
gradually  approaching  GolPs  fasciculus,  and  in  the  case  of  the 
sacral  roots,  for  example,  forming  a  part  of  it.  All  the  evidence 
from  the  study  of  secondary  degenerations  goes  to  prove  that 
the  fibres  of  the  fasciculus  gracilis  in  the  cervical  region  repre- 
sent the  long  intramedullary  continuations  of  dorsal  root  fibres 
which  in  the  sacral  and  lumbar  region  were  among  the  fibres  of 
the  fasciculus  cuneatus.  Each  dorsal  root  as  it  enters  the  spinal 
cord  pushes  the  fibres  of  Burdach's  fasciculus  in  a  dorsal  and 
medial  direction,  so  that  the  long  ascending  fibres  are  neces- 
sarily successively  more  and  more  displaced  toward  the  dorsal 
median  sulcus.  These  relations  are  beautifully  illustrated  by 
the  experimental  work  of  Singer,*  Kahler,t  Tooth,!  Singer  and 
Munzer,*  and  others. 

Singer  and  Miinzer  cut  the  dorsal  roots  of  the  twenty-sixth, 
twenty-seventh,  and  twenty-eighth  spinal  nerves  on  one  side, 
and  also  the  dorsal  roots  of  the  twentieth,  twenty-first,  and 
twenty-second  nerves  of  the  same  side.  After  the  animal  had 
lived  long  enough  for  degeneration  to  become  marked,  it  was 
killed  and  the  degenerations  were  studied  in  sections  made 
at  different  levels  (Fig.  292).  A  section  made  just  above  the 
entrance  of  the  twentyiixth  root  showed  degenerated  fibres 
in  the  white  matter  immediately  adjacent  to  the  dorso-medial 


♦  Singer,  J.  Ueber  secundftre  Degeneration  iin  RUckenmark  des  Hundes. 
Sitzungsb.  d.  k.  Akad.  d.  Wissensch.,  Math-naturw.  CI.,  3.  Abth.,  Wien,  Bd. 
Ixxxiv  (1882),  S.  39(M19. 

t  Kahler,  0.  Ueber  die  Verftnderungen,  welche  sich  im  RUckenmarke  in 
Folge  einer  geringgradigen  Compression  entwickeln;  nebst  eineui  die  se- 
ciind2Lre  Degeneration  im  RUckenmarke  des  Hundes  betreffenden  Anbang. 
Ztschr.  f.  Heilk.  Prag.,  Bd.  iii  (1882),  S.  187-232. 

X  Tooth,  H.  H.  The  Goulstonian  Lectures  on  Secondary  Degeneration  of 
the  Spinal  Cord.  Brit.  M.  J.,  Lond.  (1889),  i,  pp.  753 ;  825 ;  853.  Also  Re- 
print, London  (J.  A.  Churchill),  1889. 

•  Singer,  J.,  und  E.  Mttnzer.  Beitrftge  zur  Anatomic  des  Centralnerven- 
isystems  insbesondere  des  RQckenmarkes.  Denkschr.  der  Wiener  Akad., 
Bd.  iTii  (1890-'91),  S.  569. 
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surface  of  the  dorsal  horn.  At  &  little  higher  level  below  tbe 
entrance  of  the  twenty-second  dorsal  root  the  diseased  fibres 
were  more  separated  from  the  dorsal  horn  and  occupied  a  triao- 
gular  area  not  bo  very  far  from  the  dorsal  median  sulcus  (Fig. 
292,  rt).  These  fibres  were  evidently  those  which  repreaentd 
continuations  of  the  twenty-sixth,  twenty -seventh,  and  twentr- 
eighth  nerve  roots  which  hud  been  shoved  dorsalward  and  me- 
dialward  on  account  of  the  entrance  in  the  interval  of  fibrw 
from  the  twenty-fifth,  twenty-fourth,  and  twenty-third  spiiul 


Fro.  2B2.— Sepondary  deBeneiAtJaiiB  in  the  sptnnl  cohl  after  ezpcriincnlil  sb- 
rion  of  ilumal  ruotit.  (After  Singer  aud  Munzcr.  fnim  A.  van  (irbnchm 
Anatumie  dii  nyat^mc  nprvtux  de  rhumiDc.  Louvaln.  IHffT.  pp.  305  and  m 
Fig8.  308  t(i  312. )  a.  level  of  the  twt'iity-M^wnd  spinal  nerve  :  b.  en»K9Frti« 
of  the  curd  between  the  level  of  the  twentieth  and  twenty-semnd  ^anii 
nerven  ;  e,  tianBvenw  section  thmuf^h  the  cord  at  the  level  of  the  eightrrnib 
spina)  nerve  ;  d.  tianaverae  seetiiiD  of  the  eord  in  the  thuracir  n-tnnn  ;  t.  inv- 
versc  «et:tiun  uf  the  coM  at  the  level  of  the  intumesn-ntia  cervlcalii. 

roots  (not  cut  in  the  experiment).  Sections  made  through  the 
cord  at  any  level  between  the  entrance  of  the  twentieth  toi 
twenty-second  dorsal  root  showed  the  degenerated  fibres  of  the 
twenty-sixth,  twenty-seventh,  and  twenty-eighth  still  nearer  tbf 
medial  septum,  and  in  addition  new  degenerated  fibres  of  the 
twenty-second  and  twenty-first  roots  just  dorso-medial  to  tht 
dorsal  horn  of  gray  matter  (Fig.  293,  b).  Higher  np,  at  tbr 
level  of  the  eighteenth  spinal  root,  the  degenerated  fibres  be- 
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longing  to  the  dorsal  roots  which  had  been  cut  highest  up  were 
somewhat  separated  from  the  dorsal  horns  and  had  come  to 
occupy  the  middle  portion  of  the  dorsal  funiculus,  although 
they  were  still  separated  by  undegenerated  fibres  from  the 
bundle  of  degenerated  fibres  near  the  median  septum,  the  long 
continuations  of  the  twenty-sixth,  twenty-seventh,  and  twenty- 
eighth  roots  (Fig.  292,  c).  The  lateral  bundle  decreased  pro- 
gressiyely  in  size  in  the  sections  taken  from  parts  of  the  cord 
higher  up.  Sections  made  through  the  thoracic  cord  showed 
an  ever-decreasing  number  of  fibres  in  both  bundles,  which  now 
began  gradually  to  approach  one  another  (Fig.  292,  d).  In  the 
cervical  cord  the  two  bundles  actually  fused,  and  Singer  and 
Munzer  could  see  only  a  small  triangular  zone  of  degenerated 
fibres  situated  near  the  median  septum  (Fig.  292,  e).  Such  an 
experiment  would  seem  to  be  proof  positive  of  the  successive 
termination  of  the  ascending  continuations  of  dorsal  root  fibres 
at  different  levels  of  the  cord  and  of  the  gradual  and  progres- 
sive displacement  dorsalward  and  medialward  of  the  longest 
fibres.  Experiments  of  this  type  may  be  repeated  at  will,  and 
they  have  been  already  made  by  numerous  investigators,  among 
them  Oddi  and  Rossi,*  Berdez,t  Mott,  J  Tooth  and  Horsley, 
Barbacci,*  and  Langley  and  Anderson.] 

The  study  of  secondary  degenerations  has  led  many  to  the 
view  that  in  the  fasciculus  gracilis  only  the  long  intramedullary 
continuations  of  the  sacral,  or  at  most  the  lumbar  dorsal  roots 
are  contained  (Schiefferdecker,  Singer).     On  the  other  hand, 

♦  Oddi,  R.,  e  U.  Rossi.  Sulle  degenerazioni  consecutive  al  taglio  delle 
radici  posteriori ;  contributo  alio  studio  delle  vie  sensitive  nel  midollo  spi- 
nale.  Monitore  zool.  ital.,  Siena,  vol.  i  (1890),  pp.  55-58 ;  also  Translation 
into  French  in  Arch.  ital.  de  biol.,  Turin,  t.  xiii  (1890),  pp.  382-386. 

t  Berdez.  Recherehes  exp^rimentales  sur  le  trajet  des  fibres  centripetes 
dans  la  moelle  epiniere.  Rev.  niM.  de  la  Suisse  rom.,  Geneve,  t.  xii  (1802), 
pp.  300-316. 

X  Mott,  F.  W.  Experimental  Inquiry  upon  the  Afferent  Tracts  of  the 
Central  Nervous  System  of  the  Monkey.  Brain,  Lond.,  vol.  xviii  (1895)^ 
pp.  1-20. 

•  Barbacci,  0.  Die  secundSren,  systeraatischen,  aufsteigenden  Degenera- 
tionen  des  RQckenmarks.  Centralbl.  f.  allg.  Path.  u.  path.  Anat.,  Jena^ 
Bd.  ii  (1891).  S.  35a-365. 

I  Langley,  J.  N.,  and  H.  K.  Anderson.  Notes  on  Degeneration  result- 
ing from  Section  of  Nerve  Roots  and  Injury  to  the  Spinal  Cord.  Proc.  of 
Physiol.  Soc.,  Lond.  (1894),  p.  xii. 
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Bastian,  Schultze,*  Hofrichter,t  Barbacci,  J  and  Bruns  belieie 
that  the  dorsal  roots  of  the  thoracic  nerves  are  also  con- 
cerned in  the  formation  of  the  fasciculus  gracilis,  Barbacci  even 
going  so  far  as  to  assert  that  the  dorsal  roots  through- 
out the  whole  extent  of  the  spinal  cord  help  to  build  Golli 
fasciculi. 

We  turn  with  interest  to  the  examination  of  the  relatifeh 
small  number  of  cases  in  human  beings  in  which  there  hxn 
been  lesions  (tumor,  trauma)  of  one  or  more  dorsal  roots  en- 
tirely or  almost  entirely  without  direct  injury  to  the  cord  itsell 
Let  us  see  in  how  far  the  results  of  study  in  such  cases  are  in 
accordance  with  the  findings  in  experimental  animals.  Saeh 
cases  have  been  reported  by  Lange,  Pfeiflfer,*  Gombaalt,| 
Sottas,^  Mayer,^  Nageotte,!  Souques,J  Margulies,!  and  De- 
jerine  and  Thomas.**    These  cases,  though  relatively  few  in 

*  Schultze.  Beitrage  zur  Lehre  von  dem  sekimdKren  DegenentioD  is 
RUckenmark  des  Menschen  nebst  Bemerkungen  ueber  die  Anatomie  dfr 
Tabes.    Arch.  f.  Psychiat.  u.  Nervenkr.,  Bcrl.,  Bd.  xiv  (1883),  S.  359-390. 

f  Hofrichter,  E.    Ueber  aufsteigende  Degenerationen  des  RQckenmAriu} 
auf  Grundlage  pathologisch-anatomischer  Untersuchung.    Jena,  1883, 8v<x 
X  Op.  cit. 

•  Pfeiffer,  R.  Zwei  FftUe  von  LShmung  der  unteren  Wurzeln  des  Plexa.* 
brachialis  (Klumpke'sche  Lahmung).  Deutsche  Ztschr.  f .  Nervenh.,  Leipt, 
Bd.  i  (1891),  S.  345-370, 

I  Gombault,  A.    Bull.  Soc.  anat.  de  Par.,  t.  Ixvi,  1891. 

^  Sottas,  J.  Siir  Tet^t  de  la  moelle  ^piniere  dans  deux  cas  de  compres- 
sion des  racines  posterieures.  Compt.  rend.  Soc.  de  biol..  Par.,  9.  s.,  t » 
(1893).  pp.  246-248. — Contribution  a  Tetude  des  degenerescences  de  la  modk 
consecutiyes  aux  l^ions  des  racines  post6rieures.  lie  v.  de  m6d..  Par.,  t  m 
(1893),  pp.  290-313. 

0  Mayer,  C.  Zur  pathologischen  Anatomie  der  Rnckenmarkshititer- 
strange.    Jahrb.  f.  Psychiat.,  Leipz.  u.  Wien,  Bd.  xiii  (1894),  S.  57-107. 

1  Nageotte,  J.  £tude  sur  un  cas  de  tabes  uniradiculaire  chez  un  ptn- 
lytique  g6n6ral.    Rev.  neurol.,  Par.,  t.  iii  (1895),  pp.  337;  369;  401. 

X  Souques,  A.  Degeneration  ascendante  du  faisceau  de  Burdaeh  ft  do 
faisceau  cun6iform,  consecutive  k  Tatrophie  d*une  racine  cervicale  pasif 
rieure.    Compt.  rend.  Soc.  de  biol.,  Par.,  10.  s.,  t.  ii  (1895),  pp.  4O7-410. 

t  Margulies,  A.  Zur  Lehre  voin  Verlaufe  der  hinteren  Wurzeln  beitt 
Menschen.    Neurol.  Centralbl.,  Leipz.,  Bd.  xv  (1896),  S.  347-351. 

*♦  Dejerine  J.,  et  A.  Thomas.  Contribution  k  T^tude  du  trajet  intrHB^ 
dullaire  des  racines  posterieures  dans  la  region  cervicale  et  dorsale  supenesTv 
de  la  moelle  epiniere ;  sur  Tetat  de  la  moelle  epiniere  dans  un  cas  de  p>n^' 
sie  radiculaire  inferieure  du  plexus  brachial  d'origine  syphilitique.  Cmnpt- 
rend.  Soc.  de  biol.,  Par.,  10.  s.,  t.  iii  (1896),  pp.  675-679.  ' 
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number,  have  been  yery  carefully  studied,  in  two  instances  at 
least,  by  Marchi's  method.*  The  findings  thus  far  in  human 
cases  prove  that  in  man,  as  in  experimental  animals,  the  root 
fibres  on  entrance  occupy  a  tolerably  wide  zone  in  the  fasciculus 
euneatus,  just  dorsal  to  the  gray  matter  of  the  dorsal  horn,  as 
this  is  the  area  which  is  found  degenerated  at  the  level  of  a 
diseased  dorsal  root.  In  sections  made  at  higher  levels  in  the 
cord  there  is,  as  in  animals,  a  gradual  diminution  in  the  num- 
ber of  degenerated  fibres  met  with  as  the  cord  is  ascended, 
proving  that  many  of  the  root  fibres  terminate  not  only  shortly 
after  entrance,  but  also  in  different  segments  of  the  cord  as 
they  are  passed.  Each  dorsal  root,  however,  contains  some  very 
long  fibres  which  ascend  to  high  levels  in  the  cord,  and  some 
to  the  medulla  oblongata.  The  long  fibres,  as  the  study  of  the 
degenerated  areas  has  demonstrated,  are  very  gradually  dis- 
placed from  the  region  of  the  dorsal  horn  as  the  cord  is  ascended, 
owing  to  the  entrance  of  new  dorsal  roots  at  each  segment.  As 
distinct  a  lamellation,  however,  corresponding  to  single  roots, 
as  would  appear  from  Singer  and  Miinzer's  experiments  to  exist 
in  the  monkey,  is  not  met  with  in  the  human  cord;  at  any 
rate,  in  the  midthoracic  region  there  is  in  the  fasciculus  gracilis 
an  intimate  admixture  of  the  long  fibres  of  the  lumbar  and 
sacral  roots  (C.  Meyer),  and  in  the  midcervical  region  the  de- 
generated area  corresponding  to  the  sixth  thoracic  root  (Mar- 
gulies'  case)  is  practically  identical  with  that  for  the  third 
thoracic  root  (Nageotte's  case)  and  with  that  for  the  first  and 
second  thoracic  roots  (Pfeiffer's  cases).  Still,  speaking  gener- 
ally, it  is  true  that  in  the  human  cervical  cord  in  its  upper  part 
the  portion  of  the  fasciculus  gracilis  nearest  the  median  septum 
represents  the  continuations  of  fibres  in  the  sacral  roots,  the 
lateral  portion  of  the  fasciculus  gracilis  corresponds  to  the  upper 
sacral,  lumbar  and,  possibly,  lower  thoracic  roots ;  the  portion 
of  the  fasciculus  euneatus  adjacent  to  the  fasciculus  gracilis 
contains  the  fibres  from  the  thoracic  roots,  especially  the  upper, 
while  the  lateral  portion  of  the  fasciculus  euneatus  consists 
mainly  of  fibres  from  the  cervical  roots.     It  is  probable,  how- 


*  It  is  highly  desirable  that  the  spinal  cord  of  any  individual  coming  to 
autopsy  with  such  a  lesion  should  be  removed  carefully  in  toto,  preserved  in 
ten-per-cent  formalin  or  fresh  MUller's  fluid,  and  handed  over  to  a  skilled 
neurologist  for  examination  as  soon  as  possible  after  its  removal. 
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ever,  that  individual  fibres  may  disobey  this  general  law  of  dis- 
tribution.* 

The  change  in  the  form  of  the  degenerated  area,  as  well  u 
the  alteration  in  position,  is  worthy  of  note.  The  case  described 
by  Margulies  may  be  chosen  as  typical  of  the  class  to  which  it 
belongs.  If  the  accompanying  figures  (Fig.  293)  and  their  leg- 
ends be  consulted,  the  relations  at  different  levels  above  the 
site  of  lesion  will  be  clearly  understood.  At  the  level  of  lesion 
(sixth  thoracic  root)  the  area  corresponding  to  the  entry  lone 
shows  degenerated  fibres ;  the  medial  displacement  with  arrang^ 
ment  of  the  degenerated  fibres  in  the  form  of  an  L  is  illustrated 
in  the  next  section  (level  of  first  thoracic) ;  still  higher  (lefelof 
seventh  cervical  root)  the  degenerated  fibres,  of  which  there  are 
now  many  fewer,  occupy  a  triangular  area,  and  in  the  highest 
section  figured  (level  of  third  cervical  root)  the  typical  narrow 
dorso-ventral  band  lying  close  to  the  paramedian  septum  is 
clearly  visible. 

Thus  far  in  human  cases,  even  in  those  studied  by  Marchi*} 
method,  continuations  of  dorsal  root  fibres  into  the  oppoeite 
dorsal  funiculus  by  way  of  the  gray  commissure  have  not  been 
described,  though  some  of  those  who  have  experimented  upon 
animals  assert  that  in  them  such  fibres  exist  (Oddi  and  Hosa^ 
Loewenthal,t  Paladino,*  and  Pellizzi||).  The  very  careful  Engiii 
investigator  Mott,  however,  could  not  find  such  fibres  in  tk 
monkey's  cord. 

The  studies  of  secondary  degenerations  following  trammff 
lesion  of  the  cord  from  compression,  trauma,  and  other  cauies. 
while  of  the  greatest  service  for  the  information  they  hare 
afforded  concerning  the  tracts  in  general  which  ascend  and  de- 


♦  The  studies  of  Schaffer  with  Marchi's  method  (Arch.  f.  mikr.  AmL 
Bonn,  Bd.  xliii)  show  this  to  be  probable. 

t  Op.  cit. 

X  Loewenthal.  N.  Neuer  experimentell-anatomischer  BeitragzurKemitni* 
einiger  Bahnen  im  Gehirn  und  Rttckenmark.  Internat.  Monatschr.  I.  Ami. 
XX.  Physiol.,  Leipz.,  Bd.  x  (1893),  S.  168 ;  252 ;  269. 

«  Paladino,  G.  Contribution  aux  connaissances  sur  le  mode  se  comportfT 
des  racines  dorsales  dans  la  nioelle  6piniere  et  sur  les  effets  consecutifeileo'' 
resection.    Arch.  ital.  de  biol.,  Turin,  t.  xxii  (1894),  pp.  53-^. 

I  Pellizzi,  G.  B.  Sur  les  d^gen^rescences  secondaires  dans  le  8Tste^l•M^ 
reux  central  k  la  suite  de  lesions  de  la  moelle  et  de  la  section  de  nasfi 
spinales;  contribution  k  Tanatomie  et  k  la  physiologie  des  roies  cerebri- 
leuses.    Arch.  ital.  de  biol.,  Turin,  t.  xxir  (1895-^96),  pp.  89-134, 


Fid.  283. — TransTcrM'  section  nfthp  human  spinnl  cord  ahoiring  secondary  dpft^n- 
eratioDi  following  isolated  lesion  of  the  sixth  thoracic  spinal  nerve.  (After 
A.  MarBQlil^s,  Neurol.  Centralhl,.  I>^ipz..  Bd.  iv.  IBflfl.  S,  JUS  awl  349.  Fi|t!i. 
1-4. )  A.  transverse  section  at  the  level  of  the  sixth  thnracic  rout :  B.  trans- 
verse section  at  the  level  of  the  first  thoracic  root ;  C.  tiansveme  Bertionatthe 
level  of  tho  seventh  cervical  root;  D.  trauBveree  section  at  the  level  of  en- 
trance  of  the  third  cervicnl  root. 
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scend  in  the  cord,  naturally  do  not  yield  as  satisfactory  data  f(ff 
deductions  concerning  the  intramedullary  course  of  the  doml 
root  fibres  as  do  the  "  purer "  cases  in  which  the  root  fibm 
alone  are  injured.  Still  they  have  supplied  us  with  a  mass  of 
confirmatory  evidence  of  very  high  value,  and  besides,  in  sueh 
cases  certain  features  are  met  with  which  demand  especial  con- 
sideration. 

Since  the  researches  of  Schiefferdecker  *  an  enormous  num- 
ber of  cases  have  been  studied  by  many  different  investigator. 
The  individual  researches  which  concern  the  dorsal  funiculi 
need  not  be  referred  to  here,  since  several  excellent  review 
of  the  status  of  this  subject  are  extant  —  notably  those  of 
Tooth,f  Barbacci,!  Redlich,*  von  Lenhossek,|  Schmaus,^  Md 
Philippe.^ 

Leaving  out  of  consideration  here  the  degenerations  in  tiie 
ventral  and  lateral  funiculi  of  the  cord,  the  statement  idaj  be 
made  that  after  total  transverse  lesion  of  the  spinal  cord  tk 
dorsal  funiculi  show,  in  addition  to  the  changes  which  resolt 
locally  from  the  direct  insult  (zone  of  traumatic  degeneratioB 
of  Schiefferdecker),  certain  secondary  degenerations  withifl 
them,  mainly  above^  but  to  a  less  extent  also  below  the  level  d 
the  lesion. 

The  secondary  degeneration  in  the  dorsal  funiculi  above  the 
level  of  the  lesion  (ascending  secondary  degeneration)  Taries 
according  to  the  site  of  the  injury.  Thus,  if  it  be  situated  in 
the  lower  parts  of  the  spinal  cord  the  dorsal  funiculi  will,  JBSt 
above  the  lesion,  be  degenerated  over  almost  the  whole  of  the 
transverse  section  of  these  funiculi.     Sections  a  little  highii 

♦  Schiefferdecker,  P.  Ueber  Regeneration,  Degeneration  und  Architefefif 
des  Rnckenmarkes.  Arch.  f.  path.  Anat.,  etc.,  BerL,  Bd.  Ixvii  (1875).  ^ 
542,  and  Bd.  Ixix  (1877),  S.  831. 

t  Tooth,  op.  ciL 
X  Op.  cii. 

•  Redlich,  E.  Die  hinteren  Wurzeln  des  RQckenmarkes  nnd  die  patbo- 
logische  Anatomic  der  Tabes  dorsalis.  Arb.  a.  d.  Inst.  f.  Anat.  u.  Phj** 
d.  Centralnervensyst.  an  d.  Wien.  Univ.,  Leipz.  u.  Wien.  (1892),  S.  1-52. 

I  Op.  ciL,  S.  289. 

^  Schraaus,  P.  SekundHre  Degenerationen  iin  RUckenmark.  Artwlf* 
Lubarsch-Ostertag's  Ergebn.  d.  speziel.  path.  Morphol.  u.  Physiol,  des  'i^ 
schen  und  der  Thiere.     Wiesbaden  (1896),  S.  631. 

0  Philippe,  CI.  Contribution  ^  Tetude  anatomique  et  clinique  da  t*l* 
dorsalis.    Paris,  1897. 
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after  the  entrance  of  dorsal  roots  above  the  lesion,  show  unde- 
generated  fibres  in  the  entry  zone  and  lateral  portion  of  the 
fasciculus  cuneatus.  The  zone  of  undegenerated  fibres  in- 
creases progressively  in  size  in  sections  cut  at  higher  and  higher 
levels,  and  the  area  occupied  by  the  degenerated  fibres  as  pro- 
^essively  decreases  in  size,  and  at  the  same  time  becomes  more 
and  more  limited  to  the  dorso-medial  portions  of  the  dorsal 
funiculi  of  the  two  sides.  In  the  cervical  region  the  degenerated 
fibres  are  entirely  or  almost  entirely  confined  to  the  fasciculus 
gracilis,  and  if  the  lesions  have  been  very  low  down  (say  below 
the  level  in  which  the  fasciculus  gracilis  commences)  they  will 
occupy  only  that  portion  of  the  fasciculus  gracilis  adjacent  to 
the  dorso-medial  septum.  The  degeneration  in  the  fasciculus 
gracilis  can  be  followed  up  to  the  nucleus  funiculi  gracilis  in 
the  medulla  oblongata.  Such  findings  prove  the  falsity  of  the 
doctrine  of  the  absolute  anatomical  individuality  of  the  fascicu- 
lus gracilis. 

If  the  lesion,  on  the  other  hand,  be  situated  in  the  upper 
thoracic  region,  in  addition  to  the  degeneration  of  the  fasciculus 
gracilis,  there  may  be  found  in  specimens  studied  by  Marchi's 
method,  at  a  suitable  period  (death  within  three  months)  after 
the  lesion,  degenerated  fibres  also  in  the  medial  and  dorsal  por- 
tions of  the  fasciculus  cuneatus,  though  the  fibres  are  so  few  in 
number  that  in  old  cases  studied  by  Weigert's  method  the  fas- 
ciculus cuneatus  on  each  side  may  appear  almost  or  entirely 
normal.  Transverse  lesion  of  the  cord  in  the  cervical  region 
always  results  in  degenerations  in  the  fasciculus  cuneatus 
which,  though  diminishing  in  volume,  may  be  followed  up  to 
the  nucleus  funiculi  cuneati  of  the  medulla  oblongata. 

Since  each  dorsal  root,  as  is  evident  from  the  foregoing 
studies,  contains  fibres  of  very  different  lengths,  we  are  justified 
in  speaking  of  "short"  dorsal  root  fibres,  " long "  dorsal  root 
fibres,  and  dorsal  root  fibres  of  "  intermediate  "  length  (fibres 
eourtes^  fibres  tongues^  et  fibres  moyennes  of  P.  Marie,  Fig.  294). 
The  root  fibres  are  distinguishable  not  only  by  their  length,  but 
also  by  their  topographical  relations  in  the  dorsal  funiculi,  and 
their  terminal  distribution  in  the  gray  matter  of  the  cord  and 
medulla. 

The  areas  of  secondary  degeneration  in  the  dorsal  funiculi 
beloio  the  level  of  a  transverse  lesion  (descending  secondary 
degeneration)  also  vary  in  form  and  extent  according  to  the 


«.>t>  >T* 


i 


TUh.  2IH.  Hrhrmt!  of  the  eoane  and  termi- 
n»tUm  tfi  th<^  flhn'M  of  the  doranl  roots. 
Th«'  hXiutk  ftmiform  mam  G  represents 
a  Afiinal  ipinffHon ;  the  line  crossing  it 
n^m'm*niA  %\w  lAXe  of  nection  of  the 
dorml  roTft  ariHin^  from  it.  Thisdonal 
rvKft  \n  divUtblc  int«>  three  paitA.  each 
Iff  which  containfl  bifurcating  fibres; 
*  '  ^  «-   "nbfjrt  fibreff"  terminating  in 

dorml  horn  ;  "  fibres  of  medium 

length  **  running  in  fawiculnscuneatus 
HurrhM'hi  U»  hit4*r  nlunge  into  gray  matr 

t4«r  at  \Kkm*  of  donal  horn ; **  long 

fibnt "  t4;rminating  in  nucleus  funiculi 
gnuriliMOolU  (/>)  after  ha\ing  ascended 
within  the  fasciculus  gracilis  of  the  cord. 
The  nucleus  funiculi  cuneati  Bnrdachi 
is  indicated  at  C.  It  receives  the  ter- 
minal of  those  "long  fibres"  and  those 
"  fibres  of  medium  length  '*  which  come 
friim  thc^lorsal  roots  of  the  cer\ical  por- 
tion of  the  spinal  cord.  (After  P. 
Marie,  I>(*(,-ons  sur  les  maladies  de  la 
moelle.  Paris,  1892,  p.  45.  Fig.  48.) 


lerel  of  ihst  icfxirT  t»>  tlie  ^pbul  c«i 
In  I  >S>  TH^c.alije'  *  descrrbed  a  desecsid- 
in^  degefii»atif>ci  ezl  the  dorsii  fiai> 
cnli  foLiOwing  irpoa  a  l«9oa  <A  ^ 
cofd  in  the  c«nieal  re^itMi  wiuch  ex- 
tended  dovnw^ird   ^boot    rvo  and  i 
half  cencimetTCS  in  the  fiftsciculos  cn- 
neacos.    He  described  it  as  a  pecalar 
^  conumdike  degenermtioiu'*  and  sttted 
that  he  had  found  it  also  in  two  c^es 
of  eompreasion  of  the  thoracic  cord 
in  the  same  form  (l^^^l  of  lesion  imc 
stated).     He  also  met   vith   it  in  i 
somewhat  different  form  in  one  case 
of  ^  spontaneous  "  m  jelitis  of  the  mid- 
thoracic  region.     In  a  case  of  Ie9<m 
opposite  the  ninth  thoracic  Tertebn, 
leading  to  complete  destruction  of  the 
cord  at  this  lereL,  he  found 
no  snch  degeneration,  the 
dorsal  funiculi  being  endn^ 
It  intact  in  the  lomfaar  re- 
gion.   This  peculiar  degen- 
eration   which     had     been 
earlier  (1880)   observed  bj 
Westphal  and  by  StrumpelL 
has  been   repeatedly  found 
in  similar  cases  by  other  in- 
vestigators.     In  Fig.  295  i» 
shown    a    degeneration   of 
Schnitzels  comma  in  a  case 
of     compression      myelitis 
which  S.  Rosenheim  has  r^ 
cently  studied. 

The  lesion  was  situated 
in  the  first,  second,  and 
third  thoracic  segments,  be- 
ing   most    marked    at    the 


*  Schultze,  F.  Beitrftge  zur  Lehre  von  der  secund&ren  Degeneration  in 
RQckenmArk  di^s  Menschen  nebst  Benierkungen  iieber  die  Anatomie  der 
Tal>esi.    Arch.  f.  Psychiat.  u.  Nervenkr.,  Berl.,  Bd.  xiv  (1883),  S.  359-^90. 
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level  of  the  second  segment.     The  figures  show  the  degenera- 
tion in  the  dorsal  funiculi  at  the  level  of  the  fourth,  fifth,  and 


Tin.  29S.— flrcmidftry  doxpneratJnn  in  the  domi  fnniculi  below  _   . 

Iraion  dnc  tnci)iiiprc!«ion  of  thecitrd;  WeiKCTt-Pal  pTeparation.  (Afli^r  ». 
RoHTDhcini.  Jiihng  HopkinH  Husp.  Bull.,  vol.  ii.  anatomical  nuinhtr.  Sept.- 
fkt..  IS98.)  A,  level  of  the  fuurth  tliorocic  soKmcnt;  B,  level  of  the  iifCli 
thoracic  H-tcmi-nt ;  (',  Ipvel  of  the  niith  thoiacii:  WKmciit.  The  pOHition  of 
the  degencraCinK  commn  of  Schultzo  in  very  evident.  Fcli,  fascicDtiis  cere- 
bni!<piDali8  lalcTBliH,  also  dcgcnentled. 

sixth  thoracic  segments.  Below  this  level  it  conld  not  be  fol- 
lowed. The  form  and  position  of  the  comma  iu  the  fasciculus 
caneatiis  parallel  to  the  medial  margin  of  the  dorsal  horn  of 
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gray  matter  is  well  illustrated.  The  thicker  head  end  of  the 
comma  is  directed  toward  the  gray  matter,  the  thin  tail  toward 
the  dorsal  surface. 

While  some  investigators  (Schultze,  Bruns,  v.  Lenhossek,  Fla- 
tau,  Giese)  have  held  that  the  comma  corresponds  to  descending 
fibres  from  dorsal  roots,  others  (Tooth,  Marie,  Daxenberger,  Gom- 
bault  and  Philippe,  Dufour,  Hoche)  think  that  the  meduUated 
axones  to  which  this  area  corresponds  represent  fibres  entirely 
independent  of  the  dorsal  roots,  and  that  they  have  their  cells 
of  origin  in  the  gray  matter  of  the  spinal  cord  itself.  The 
comma  would,  according  to  the  latter  view,  represent  a  longi- 
tudinal association  tract  connecting  different  levels  of  the 
gray  matter  with  one  another.  On  this  supposition  its  fibres 
would  be  intrinsic  to  the  cord  itself  {fibres  e?idogenes  of  P. 
Marie).*  The  comma  appears  to  have  never  been  obserred 
below  the  level  of  the  ninth  thoracic  segment  until  the  recent 
study  of  Hoche,f  in  which  that  observer,  by  means  of  Marchi's 
method  in  a  case  of  compression  at  the  level  of  the  seventh 
thoracic  segment,  followed  its  fibres,  though  the  comnudike 
arrangement  soon  disappeared,  as  far  as  a  point  between  the 
third  and  fourth  lumbar  segments.  He  was  able,  too,  to  deter- 
mine by  means  of  longitudinal  sections  what  became  of  the 
fibres  of  the  comma.  They  could  be  followed  as  fine  dotted 
fibrils  passing  obliquely  into  the  gray  substance.  In  this,  how- 
ever, they  must  quickly  change  their  plane,  for  Hoche  could 
never  follow  a  fibril  to  its  exact  termination.  The  long  extent 
of  these  fibres  in  the  dorsal  funiculi  (through  at  least  eight  seg- 
ments of  the  spinal  cord)  is,  as  Hoche  suggests,  scarcely  in  a^ 
cord  with  the  idea  that  they  represent  descending  branches  of 
the  dorsal  roots.  In  the  second  case  of  compression  at  the 
junction  of  the  cervical  and  thoracic  cord,  Hoche  followed  fibres 
from  the  comma  as  low  as  the  level  of  the  twelfth  thoracic  seg- 
ment.    Longitudinal  sections  in  this  case  showed  the  degener- 

♦  Marie,  P.  Lemons  sur  les  maladies  de  la  moelle,  S\  Par.  (1892), (G. 
Masson). — De  Torigine  exogene  ou  endogene  des  lesions  du  cordon  posU'riear 
^tudi^es  comparativement  dans  le  tabes  et  dans  le  pellagre.  Scmaiof  mM. 
Par.,  t.  xiv  (1894),  pp.  17-20. 

f  Hoche,  A.  Ueber  secundftre  Degeneration,  speciell  des  Gowers'scbeo 
Btindels  nebst  Bemerkungen  ueber  das  Verhalten  der  Reflexe  bei  Coinpw** 
sion  des  RQckenmarkes.  Arch.  f.  Psychiat  u.  Nervenkr.,  Beri.,  Bd.  xx^iii 
(1896),  S.  51(W43. 
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kted  fibres  running  into  the  nucleug  dorsolis  (Fig.  29C).  Mann  * 
kdvanoea  with  mnuh  reBerve  the  hypothesis  that  since  it  extends 
:;hroughout  the  whole  thoracic  cord,  diminishing  progressively 


Flo.  296.— Lonfritudinal  section  in  an  almost  sagittal  dirpction  at  the  level  nf  the 
riglitti  thunieic  nerve  shuwing  (lFKciii;nitt.il  flbrcit  in  the  duriial  funiculi  after 
transvent  lesion.  (After  A.  Hi«he.  Arch,  f,  Psyohiat ,  etc..  Berl.,  Bd. 
zxviii.  1S9B,  Taf.  i.  Pig.  g.  i  n.  vuntral  funlcnlun:  the  dcEtni-ratcd  Sbiea 
belong  in  part  t«  Che  di.'Nceiiding  suleo-marginal  degenemtinn,  in  pert  to 
shurt  paths  of  the  fasi-iculi  pruprii :  b,  anlntantiB  griwa  ciintaiuing  the 
nucleUH  dDtiella  Clarkii ;  c.  donal  fnnicnlus.  The  degenerated  fibres  whieh 
lie  on  the  righl^banil  side  near  the  periphery  belong  (o  the  path  which  lower 
dunn  forms  the  oval  field  of  Flechsig.  Tim  degenemted  flbreg  going  toward 
the  MiliHtantia  griiwa  form,  iin  a  ciirresponding  cross  section,  the  ivell-knowu 
ruDinia-HhHped  degeneration  figure.  The  comma  is  soon  exhausted  below 
this  level,  since  all  the  flbtos  turn  into  the  gray  substance. 

in  volume  as  the  cord  is  descended,  it  may  have  to  do  with 
the  innervation  of  the  intercostal  muscles.  As  a  matter  of  fact, 
at  present  its  function  is  entirely  unknown.  In  1897,  at  the 
Moscow  Congress,  Obersteiner  expressed  the  opinion  that  the 
fibres  of  the  comma  are  exogenous,  and  in  1898  Zappert,t  work- 
ing in  Obersteiner's  laboratory,  made  a  strong  plea  for  the  view 
that  Schultze's  comma,  at  least  in  part,  is  formed  of  descending 
limbs  of  dorsal  root  fibres  of  the  upper  parts  of  the  spinal  cord. 
A  set  of  fibres  in  the  dorsal  funiculi  other  than  those  con- 
cerned in  the  formation  of  Schultze's  comma,  though  they  have 
been  confused  with  the  latter,  degenerate  downward  after  trans- 
verse lesion  of  the  cord.     Thus  in  one  of  the  cases  studied  by 

*  Mann.  L.  Klinische  uii<l  atiatomische  BcitrSge  zur  Lehre  von  dcr 
Bpinalen  rioniiplegie.  Deatsche  Ztachr.  f.  Nervenh.,  Leipz.,  BU,  x  (1806), 
&1-66. 

t  Zappert,  J.  BeitrKge  lur  absteigendcn  Ilintorstrangsde^neraLion. 
Keurol.  Centralbl.,  Leipz.,  Bd.  xvii  (1808),  S.  102-107. 
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Barbacci,  *  in  which  there  was  compressioii  mX  tbe  lero 
sixth  and  seventh  thoracic  roots,  followed  b^^  desaxh  at 
of  forty  days,  he  found  just  below  the  lesion  s  rather 
degeneration  in  the  dorsal  funiculL  Low^o-  d«wn  he  I 
the  transverse  sections  a  stripe  in  the  latenH  fuirr  <6f  th 
ulus  euneatas  on  each  side,  while  much  lower  s^aH  the  i 
at  ion  was  limited  to  a  narrow  stripe  along  tbe  •dorsil 
septum.  Barbacci  assumed  (almost  certaizLhr  <Brro^M 
will  immediately  be  clear)  that  the  Ae^&Bies^k:iimi  hs^ 
the  septum  depended  u]>on  the  wandering  <^v€n'  lifimrjcrd 
Uan  line  of  a  certain  number  of  fibres  tram  the  oommi 
U|«.  The  degeneration  here  mentioned  as  si:nniGr«ed  i 
meilian  septum  has  also  been  observed  hj  l^t^dBah^ 
Dajienberger. J  The  region  concerned  togeLber  ^winb  a 
triangular  field  careful] v  described  bv  Otorai^uuiLh  jmd  IF^ 
dtH^  not  dc^nerate  after  injuij  to  the  drfirsaH  -riifTa^  :nn 
deg^nexmie  in  an  ascending  direction  af^«r  ilfisiaii  dt  i 
substant^e  below.  Gombaidt  and  Philipfie  <c«mcihL&t'  ±Fi 
studies  thai  the  fibres  adjacent  to  libe  jV'jpinioiu  ~nbf>  i 
4iVr;!iy;»«i.^/ifT>j»  S:m3llifmifti  of  Oberatemar  <(iibfHtf>  of 
siv$es  eorTe>pL*ndiiig  to  the  cfntrvm  ivpniH  •«?  IFituihaii 
at  thi?  lerei  of  'The  lumb&r  ei[ilir^?effl:>t-ti:i  lunii  :a  lirzi 
this  i-eT^  aa  oiul  fasck-Uiliif :  that  ik'W«r  -iis.'-vii  :h.  'zi\ 
BhNiullaris  lii-e  same   fibres   are   s?*>-:!r«»e»^   in.   xii*-  3  or 

Wjjrwui  i«s  Skitr42£tm44r^as>  Tail  iuf  7iiiLij!u;ir25«tiK  Msuottaiait   iw"  " 

•i  *nuL.  Tttcii^  ?iic.  •:.  tt   :>*S^.  ixi.  -JHS :  'S.ft*'. — ^^>Hi  rr^iALL^T^  k  a.  s«t 

'■''*4Mi,L  "jpk  :5w'-.557". — c::*c  .M.niH!   i>-  ao^  !«)rimM>«an»*t*i*'  jut  a  -v>*4>t«i 
•0.1. *«>  >;c»i«iU2>  'jws^i •  preiiT^  i>^  ^  in»««"]'^   -'^uu!  r»*.     S^nttLinw'  111"  1^    '*' 
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triangular  area  {triangle  median  of  Gombault  and  Philippe) ; 
and  that  they  belong  to  the  association  systems  of  the  dorsal 
Funiculi,  and  do  not  represent  continuations  of  dorsal  root 
fibres. 

Heche's  study*  of  two  cases  of  compression  (one  at  the 
level  of  the  seventh  thoracic,  the  other  at  the  level  of  the  eighth 
cervical  segment)  has  gone  far  to  render  our  knowledge  of  the 
fibres  under  consideration  more  satisf  actoi'y.  By  Marchi's  meth- 
od he  has  been  able  to  follow  the  degenerated  fibres  in  both 
instances  throughout  the  whole  thoracic  cord  into  the  filum 
terminale.  In  his  second  case  degenerated  fibres  of  this  grour 
could  be  followed  through  no  less  than  twenty-three  segmei^ts 
of  the  spinal  cord.  These  cases  are  so  important  that  they 
merit  consideration  in  some  detail. 

In  Hoche's  first  case  (compression  at  the  level  of  the  seventh 
thoracic  segment)  the  degenerated  fibres  belonging  to  the  sys- 
tem under  discussion,  even  just  below  the  lesion,  are  situated  on 
the  dorsal  periphery  of  the  cord  and  are  entirely  distinct  from 
those  of  the  comma   (Fig.  297).     A  little  lower  they  approach 
the  dorsal  median  septum  (without,  however,  leaving  the  dorsal 
periphery),  which  they  reach  at  the  level  of  the  eleventh  tho- 
racic segment.     The  fibres  lower  down  begin  to  be  arranged 
along  the  median  septum,  part  of  them  remaining  at  the  dorsal 
periphery,  however,  immediately  adjacent  to  the  septum  until 
the  level  of  the  second  lumbar  is  reached.     From  the  level  of 
the  third  to  that  of  the  fifth  lumbar  they  no  longer  reach  the 
dorsal  periphery.     But  from  the  level  of  the  fifth  lumbar  down- 
ward as  far  as  the  filum  terminale  the  degenerated  fibres  of  the 
two  sides  form  a  small  triangle,  the  narrow  base  of  which  corre- 
sponds to  the  dorsal  periphery  of  the  cord.     Throughout,  the 
comma  and  the  fibres  of  this  bundle  are  entirely  separate  and 
distinct.     They  have,  Hoche  emphasizes,  nothing  to  do  with 
one  another.     It  will  be  noticed  that  the  degenerated  fibres 
:from  the  third  to  the  fifth  lumbar  segment  correspond  exactly 
"to  Flechsig's  centrum  ovale^  and  that  from  the  third  to  the 


•  Hoche,  A.  Ueber  Verlauf  und  Endigungsweise  der  Fasern  des  ovalen 
^interstrangfeldes  iin  Lendenmarke.  Neurol.  CentralbL,  Leipz.,  Bd.  xv 
1 1806),  S.  154-156. — Ueber  secundftrc  Degeneration  speciell  des  Gowers*schen 
■^flndels,  nebst  Bemerkungen  ueber  das  Verhalten  der  Reflexe  bei  Compres- 
sion des  RQckenmarkes.  Arch.  f.  Psychiat.  u.  Nervenkr.,  Berl.,  Bd.  xxviii 
^896),  S.  510-548. 
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fifth  sacral  segment  they  correspond  precisely  to  the  triam 
midian  of  Gombault  and  Philippe. 

In  Hoche's  second  case  (compression  at  the  leyel  of  t 
eighth  cervical)  it  was  found  that  the  fibres  of  the  tail  of  t 
comma  in  the  upper  part  of  the  thoracic  cord  are  intermingl 
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Fio.  297.— Descending  degeneration  below  a  transverse  lesion  at  the  lercl  of  ^ 
seventh  thoracic  segment.  Method  of  March i.  (After  A.  Hocbc,  Arci-t 
Psychiat.,  etc.,  Berl.,  Bd.  xxviii,  1896,  Taf.  ix.  Fig.  1.) 
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*1Q.  296. — Descending  degenerations  below  a  lesion  (compression)  of  the  spinal 
cord  at  the  level  of  the  eighth  cervical  nerve.  Method  of  Marchi.  (After 
A.  Hoche,  Arch.  f.  Psychiat.,  etc.,  Berl.,  Sd.  xxviii,  1896,  Taf.  x,  Fig.  1.) 
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with  the  most  ventral  of  the  group  of  fibres,  which  lower  down 
are  confined  to  the  dorsal  periphery  of  the  cord,  the  ce»/r«« 
ovale  of  Flechsig,  and  the  triangle  median  of  Gombault  and 
Philippe  (Fig.  298).  Though  there  is  a  certain  degree  of  inter- 
mingling, the  fibres  appear  to  represent  entirely  distinct  bun- 
dles, inasmuch  as  longitudinal  sections  prove  that  the  fibres  of 
the  comma  passing  more  and  more  ventralward  finally  terminate 
by  bending  into  the  gray  substance.  They  do  not  wander  back- 
ward into  the  dorsal  bundle. 

The  fibres  of  the  dorsal  bundle  terminate  at  different  lerek 
but  apparently  in  greatest  numbers  in  the  lower  lumbar  region, 

inasmuch  as  at  the  level  of  the 
fourth  lumbar  segment  there 
are  as  many  as  350  or  400  de- 
generated fibres  (lesion  at  leiel 
of  eighth  cervical),  whereas  at 
the  level  of  the  third  sacral 
the  number  has  been  reduced 
to  130  or  140,  at  the  level  of 
the   fifth   sacral  to  30  or  35, 
while  below  this  only  isolated 
fibres    were    found    (Hocbe). 
The  ending  of  these  fibres  in 
the  gray  substance  is  clearlj 
shown  in  Fig.  299. 

A  very  valuable  confirm*- 
tion  of  the  views  above  pre- 
sented is  to  be  found  in  a  case 
of  fracture  of  the  twelfth  tho- 
racic vertebra,  with  complete 
crushing   of    the  cord  for » 
length  of  some  2  cm.  in  tbe 
lumbar     region,    studied  bj 
Bruce    and    Muir,  of  Edin- 
burgh.*    As  the  patient  died 
about  five  weeks  after  the  in- 
jury, the  case  was  a  very  favorable  one  for  studying  the  degen- 
eration by  the  method  of  Marchi.     Bruce  and  Mnir  describe 


-i    f 


It.: 


.*.  »•■' 


Fio.  299.— Sagittal  longitadinal  section 
at  the  level  of  the  fifth  sacral  nerve 
from  a  case  of  compression  of  the 
cord  at  the  level  of  C.  viii.  Degen- 
erated fibres  stained  by  the  method 
of  Marchi.  (After  A.  Hoche,  Arch, 
f.  Psychiat.  u.  Nervenkr.,  Berl.,  Bd. 
xxviii,  1896,  Taf.  x,  Fig.  7. )  a,  ven- 
tral column,  free  from  degeneration 
at  this  level;  6,  substantia  grisea, 
showing  the  cells  of  the  central  canal ; 
no  ganglion  cells  in  this  region  ;  c, 
dorsal  funiculi  close  to  the  middle 
line,  some  of  the  vessels  near  the 
middle  line  being  struck.  The  fibres 
of  the  triangular  field  (in  correspond 
ing  cross  section)  of  this  level  arc 
bending  around  in  a  slightly  curved 
direction  into  the  gray  substance. 
The  field  soon  becomes  exhausted. 


*  Bruce.  A.,  and  R.  Muir.  On  a  Descending  Degeneration  in  ^ 
Posterior  Columns  in  the  Lumbar-Sacral  Region  of  the  Spinal  Cori 
Brain,  Lond.,  vol.  xix  (1896),  pp«  333-845. 
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i  and  figure  accurately  the  course  and  termination  of  the  descend- 
ing  degenerated  fibres  with  especial  reference  to  the  bundle 

:  here  under  discussion.     They  suggest  that  the  bundle  be  called 

::-  the  "  descending  septo-marginal  tract." 

Besides  the  two  distinct  and  now  fairly  sharply  defined  de- 
scending tracts  which  have  just  been  described,  there  is  a  third 
group  of  fibres  in  the  dorsal  funiculi  which  degenerate  down- 
ward, which  should  not  be  passed  over  unmentioned.  In  Fig. 
297,  at  the  level  of  the  eighth  thoracic  segment  (first  segment 

-  below  the  lesion  in  Hoche's  first  case),  is  seen  a  small  group  of 

;  fibres  in  the  form  of  a  stripe  along  the  dorsal  septum  in  its 
ventral  half.  This  does  not  reach  the  gray  matter.  It  has 
already  vanished  in  the  section  through  the  ninth  thoracic 
segment.  In  Fig.  298  the  same  fibres,  though  in  greater  num- 
ber, are  seen  in  Heche's  second  case  at  the  level  of  the  first 
thoracic  segment,  forming  a  field  on  each  side  of  the  median 
line  converging  toward  the  septum.  They  also  have  vanished 
at  the  level  of  the  second  thoracic  segment  (second  segment 
below  the  lesion).  These  fibres  evidently  are  extremely  short 
(length  of  one  or  two  segments). 

Finally,  immediately  below  a  transverse  lesion  a  few  fibres 
degenerate  diffusely  over  almost  the  whole  of  the  transverse 
section,  extending,  however,  rarely  beyond  one  segment,  an  area 
usually  spoken  of  as  being  within  the  limits  of  'traumatic 
degeneration." 

The  question  now  arises.  What  is  the  origin  of  these  various 
descending  tracts?  We  know  from  studies  made  by  Golgi's 
method  {vide  infra)  that  fibres  of  two  sorts  descend  in  the 
dorsal  funiculi — (1)  the  descending  limbs  of  bifurcation  of  the 
fibres  of  the  dorsal  roots,  and  (2)  the  medullated  axones  of  cells 
situated  within  the  gray  matter  of  the  cord.  What  is  the  rela- 
tion of  each  of  these  varieties  of  fibres  to  the  different  groups 
of  descending  fibres  determined  by  the  study  of  secondary  de- 
generations ?  It  must  be  confessed  that  at  present  we  do  not 
know  for  certain.  Dufour*  supports  the  view  of  Tooth  and 
Marie.  Studying  a  case  of  compression  of  the  lumbo-sacral 
nerve  roots,  he  found  in  the  lower  part  of  the  cord  the  two 

*  Dufour.  Quelques  considerations  sur  le  g^oupement  des  fibres 
endogenes  dans  les  .cordons  post^rieurs  de  la  moellc,  k  propos  d'un  cas  de 
compression  des  nerfs  de  la  queue  de  cheval.  Compt.  rend.  Soc.  de  biol.. 
Par.,  10.  8.,  t.  iii  (1896),  p.  449. 


458 


THE  NERVOUS  SYSTEM. 


bundles  (comma,  septo-marginal  bundle)  entirely  free  from  d^ 
generation,  and  believes,  therefore,  that  the  fibres  entering  into 
the  dorsal  roots  play  no  part  in  their  formation.  He  belieres 
that  each  of  these  descending  tracts  represents  an  associatka 
bundle  (endogenous  fibres)  of  varying  appearance,  according  to 
the  level  at  which  one  observes  it,  the  one  being  represented 
by  the  comma  of  Schultze  in  the  upper  part  of  the  cord,  by 
"  comu-commissural "  fibres  in  the  lumbar  and  upper  aaaii 
regions,  and  below  the  fourth  sacral  level  by  fibres  which  he 
terms  the  faisceau  snlca-cammissural  posterieur.  The  aecwd 
bundle,  consisting  in  the  main  of  longer  association  fibres,  k 
situated  in  the  thoracic  cord  in  the  dorso-lateral  zone  of  tk 
dorsal  funiculus ;  at  the  level  of  the  twelfth  thoracic  and  &st 
lumbar  segment  it  reaches  the  dorso-medial  angle  of  each  dor- 
sal funiculus.  At  the  level  of  the  third  lumbar  root  it  corre- 
sponds to  the  Centrum  ovale  of  Flechsig,  while  at  the  fifth  sacnl 
it  becomes  the  triangle  median  of  Obmbault  and  Philippe.  It 
is  obvious  that  the  consensus  of  opinion  at  present  is  in  farord 
the  endogenous  nature  of  the  fibres  of  these  two  bundles.*  Th* 
idea  of  Hoche  that  the  shorter  longitudinal  association  filH« 
tend  to  run  in  the  more  ventral  bundle,  the  longer  in  the  doral 
bundle,  is  very  attractive  and  entirely  in  accord  with  the  genenl 
law  of  the  tendency  of  the  longer  fibres  to  be  situated  neartbe 
periphery  of  the  white  matter.  This  law,  though  generally  ^e^ 
ognized,  has  been  recently  very  definitely  formulated  by  Flatoai 


*  It  must  be  pointed  out,  howeTer,  that  such  reliable  observers  as  Dej* 
ine  and  Spiller  (Dejerine,  J.,  et  W.  G.  Spiller.    Contribution  h  Tetudedeii 
texture  des  cordons  post4rieurs  de  la  moelle  ^piniere  ;  du  trajet  intnmfciBl^ 
laire  des  racines  posterieures  sacr^es  et  lombaires  inferieures.    Comp.  nfi 
Soc.  de  bioL,  Par.,  10.  s..  t.  ii  (1895),  pp.  622-628)  contest  the  extension  of* 
dogenous  fibres  into  the  triangle  midian^  and  von  Lenhossek  (op.  etC  S.5S^ 
believed  (in  1895)  that  the  middle  part  of  the  fasciculus  cuneatiis,  aboattke 
region  of  Schultze*s  comma,  and  perhaps  also  the  field  on  the  dorsal  peii;^ 
ery,  are  the  areas  in  which  the  descending  limbs  of  the  dorsal  root  fita* 
run  longitudinally.    Whether  or  not,  in  view  of  the  findings  of  H«fci 
Bruce  and  Mnir,  and  Dufour  in  human  cases  studied  since  1895,  thetf^ 
servers  have  altered  the  opinions  then  expressed,  I  do  not  know.    The  (»^ 
fully  studied  case  of  K.  Schaffer  (op.  eiL)  showed  no  degenerated  fibn$  ^ 
the  median  zone  of  Flechsig,  but  this,  as  Hoche  suggests,  may  be  doe  to  ^^ 
fact  that  four  months  after  the  lesion  is  too  late  for  satisfactory  sto^T^ 
Marchi's  method. 

t  Platau,  E.   Das  Gesetz  der  excentrischen  Lagerung  der  langen  Ih^* 
im  Rttckenraark.    Ztschr.  f.  klin.  Med.,  Berl.,  Bd.,  xxxiii  (1897).  &  oJ-ltt 
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descending  limbs  of  the  fibres  of  the  dorsal  roots  must, 
r,  occupy  some  position  in  the  cord.  Whether  they  are 
jT  distributed  over  the  fasciculus  cuneatus  or  are  limited 
egion  of  the  entry-zone  or  to  the  third  group  of  descend- 
es  (very  short  fibres)  described  above,  or  finally  are  inter- 
vith  the  endogenous  descending  fibres,  we  do  not  know, 
ections  in  the  next  human  case  of  pure  lesion  of  a  dorsal 
ming  to  autopsy  at  a  period  suitable  for  study  by  the 

of  Marchi,  should  settle  this  much-vexed  question, 
iew,  then,  of  the  extreme  probability  that  descending 
lous  fibres  really  exist  in  that  part  of  the  cord,  the  ques- 
>urally  arises,  Are  there  not  also  ascending  endogenous 
1  the  dorsal  funiculi  ?  Such  a  question  could  scarcely 
wered  by  the  study  of  degenerations  following  either 
►f  the  roots  or  compression  of  the  cord.  It  could  be 
itisfactorily  attacked  by  Golgi's  method,  and  Bamon  y 
and  V.  Lenhossek  f  have  described  the  cell  bodies  of 
3S  situated  in  the  dorsal  horns  whose  axones  enter  the 
^hite  funiculi.  Von  Lenhossek  states  that  the  axones 
mixed  with  ascending  and  descending  limbs  of  sensory 

The  number  and  course  of  the  ascending  endogenous 
in  the  cord  of  the  rabbit  can  be  exquisitely  established 
zing  the  experiment  of  Ehrlich  and  Brieger.J  Mdnzer 
ener  *  have  demonstrated  in  the  rabbit  by  this  method 
:he  abdominal  aorta  and  thus  causing  anaemic  necrosis  of 
Y  matter  of  the  lumbar  spinal  cord)  the  course  of  the 
ng  endogenous  fibres  of  lumbar  origin  (Fig.  300). 
the  results  of  such  an  animal  experiment  may  not 
se  be  directly  transferred  to  the  human  cord,  still  it 
e  highest  degree  suggestive  and  should  put  us  on  the 
iT  the  isolation  of  these  fibres  in  human  beings.  It  is 
iconsiderable  interest  to  note  that  the  ascending  bundle 
rabbit  occupies  a  region  in  the  upper  part  of  the  cord 

i6n  y  Cajal,  S.    Nuevas  observaciones  sobre  la  estructura  de  la 
spinal  de  las  mamiferos.    Barcelona  (1890). 
ciL,  S.  354-356. 

lich  und  Brieger.    Ueber  die  Ausschaltung  des  Lendenmarkgrau. 
klin.  Med..  Berl.,  Bd.  vii,  Suppl.-Hft.  (1883-'84),  S.  155-164. 
izer,  E.,  und  H.  Wiener.    Beitrftge  zur  Anatomic  u.  Physiologie  des 
prvensystems.    Erste  Mitth.  Ueber  die  Ausschaltung  des  Lenden- 
1.     Arch.  f.  exper.  Path.  u.  Pharmakol.,  Leipz.,  Bd.  xxxv  (1895), 
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along  the  median  Beptum,  reminding  one  very  much  of  the 
tion  taken  by  the  descending  bundle  of  endogenous  fibres  ii 
lumbar  cord  of  human  beings.* 


Fio.  300.— Cruaa  sKlnins  throutch  the  sptiml  cord  of  a  rabb  t  tima  dtp** 
i.'umprESHion  of  the  nortB  for  one  honr.  Dciceneniteil  flhn.'S  staiw^  W  ' 
method  of  M&R'hi.  (After  Munzer  and  Wiener,  Areh.  f.  eiper.  IW* 
Phannakol..  J^ipz.,  Bd.  ixxv,  ISBS.  Taf.  it.  fltm.  S.  9.  and  10. 1  A,cn** 
tion  through  the  lumbar  I'ard  at  tlie  li'vel  of  flie  twenty.flflh  roul:  "■'' 
Beetion  throuith  the  lower  thuncic  conl  nt  the  level  of  the  cvrntiFU  >■ 
C,  cnjgg  section  through  the  cervical  cord  at  the  level  of  the  srvenlh  n* 

•  The  possibility  of  injury  to  the  nutrition  of  exogenous  flbM  ^^ 
oonditiona  of  the  experiment  must  here  not  be  lost  sight  oL 
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To  conclude  this  part  of  our  subject,  therefore,  it  may  be 
st-ated  that  secondary  degenerations  prove  that  the  dorsal  fu- 
niculi are  composed  of  two  distinct  sets  of  elements — (1)  intra- 
medullary continuations  of  dorsal  root  fibres  (central  prolonga- 
tions of  spinal  ganglion  cells)  and  (2)  meduUated  axones  of 
neurones  whose  cell  bodies  are  situated  in  the  gray  matter  of 
the  cord.  The  former  (extrinsic  or  exogeneous  fibres)  make 
up  the  main  bulk  of  these  funiculi,  the  latter  (intrinsic  or  en- 
dogenous fibres)  partly  descending,  partly  in  all  probability  as- 
cending, make  up  a  small  portion  of  certain  fairly,  definitely 
defined  regions.  The  position  of  the  ascending  limbs  of  the  bifur- 
cated exogenous  fibres  corresponding  to  dorsal  roots  of  different 
leyels  have  been  tolerably  well  established;  the  topographical  rela- 
tions of  the  descending  limbs  have  not  yet  been  satisfactorily 
made  out.  I  venture  to  suggest  that  all  of  the  fibres  of  the  dorsal 
funiculi  whose  cells  of  origin  are  situated  within  the  spinal  cord 
itself  be  included  under  the  term  "  fasciculus  dorsalis  proprius.'* 
This  would  bring  the  dorsal  funiculi  into  agreement  with  the 
ventral  and  lateral  funiculi  where  the  fasciculus  ventralis  pro- 
prius  and  the  fasciculus  lateralis  proprius  contain  respectively 
both  ascending  and  descending  intersegmental  fibres  of  varying 
length.  The  fasciculus  dorsalis  proprius  would  then  be  divisi- 
ble into  a  ventral  portion  (fibres  of  the  comma,  etc.)  and  a  dorsal 
portion  (Bruce  and  Muir's  dorsal  septo-marginal  bundle,  Ober- 
steiner's  dorsomediaUs  SacralbundeU  fibres  of  the  Centrum 
ovah  of  Flechsig,  of  the  median  triangle  of  Gombault  and 
Philippe,  etc.). 

The  fibres  of  the  dorsal  roots  terminating  at  different  levels 
in  the  cord  and  medulla  have  been  followed  into  the  gray  mat- 
ter by  means  of  Marchi's  method,  though  their  exact  terminal 
relations  can  be  made  out  only  with  the  aid  of  the  method  of 
Golgi  (vide  infra).  The  majority  of  fibres  of  the  fasciculus 
gracilis  which  reach  the  medulla  oblongata  turn  in  to  end  in 
the  nucleus  funiculi  gracilis,  those  of  the  fasciculus  cuneatus 
to  end  in  the  nucleus  funiculi  cuneati.  Marchi's  method,  how- 
ever, shows  that  in  cases  of  compression  of  the  cord  not  all  the 
fibres  of  the  dorsal  funiculi  which  reach  the  medulla  end  in  the 
gray  matter  of  the  nuclei  graciles  et  cuneati.  A  certain  num- 
ber of  those  which  ascend  in  the  fasciculus  gracilis  are  con- 
tinned  on  as  fibrsB  arcuatse  extemaB  dorsales  into  the  corpus 
restiforme  and  terminate  first  in  the  cerebellum,  while  a  cer- 
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tain  number  are  continued  as  fibrae  areuatae  internsB  and  can  be 
seen  decussating  in  the  raphe  (Fig.  301).  Many  of  the  fibres 
of  the  fasciculus  cuneatus  too  do  not  terminate  in  the  nuclei 
of  the  medulla  (K.  Schaffer,  Hoche).    In  Fig.  302  degenerated 


Fio.  301. 


FlO.  302. 


Fig.  301.— Transverse  section  through  the  meduUa  obloTigata  in  the  lepoad 
the  decussatio lemniscorum  (After  A.  Hoche,  Arch.  f.  F^ychiat.  a.  Xenreokr. 
Berl.,  Bd.  xxviii,  1896,  Taf.  ix,  Fig.  4.)  Ascending  degeneration  follofriajf 
lesion  at  the  level  of  the  sc'venth  thoracic  segment.  The  degenerated  fiHw 
are  stained  black  by  Marchi's  method,  a,  fasciculus  ventrtilat4jralis  soperf- 
cialis  Gowersi.  Degenemted  fibres  from  the  dorsal  funiculi  are  seen  mm« 
the  fibne  arcnatfe  intemse. 

Fig.  302. — Gross  section  through  the  medulla  obhmgata  at  the  level  of  the  !«■» 
half  of  the  nucleus  olivaris  inferior  from  the  same  case  as  the  precediiu 
figure,  fl,  Gowers'  bundle.  (After  A.  Hoche,  Arch.  f.  Psychiat,  u.  Nerraikr, 
Berl.,  Bd.  xxviii,  1896,  Taf.  ix,  Fig.  5.) 

fibres  coming  from  the  area  representing  the  uppermost  end  of 
the  nucleus  fasciculi  cuneati  can  be  seen  forming  two  bands 
one  turning  dorsal,  the  other  ventral  to  the  substantia  geliti- 
nosa  and  tractus  spinalis  nervi  trigemini  to  enter  the  cGrpa 
restiforme  through  which  the  cerebellum  is  reached.* 

*  This  path  to  the  cerebellum  apparently  corresponds  to  v.  KSlhW' 
Hinterstrangkleinhimhahn,  The  uncrossed  path  from  the  dorsal  funica^ 
direct  to  the  cerebellum  is  designated  by  some  of  the  German  writfP  * 
directes  ungekreuzfes  Iliniersfrangkleinhimsysiem.  In  1893  HughT.W' 
rick,  of  Chicago  (Ueber  aufstcigende  Degeneration  nach  totaler  Quetsfhnnf 
des  RUckenmarkes,  Arch.  f.  Psychiat.  u.  Nervenkr.,  Berl.,  Bd.  xxv  (18»li - 
831-844),  described  atrophy  of  fibres  in  the  dorsal  part  of  the  corpus  n^^ 
forme  following  upon  transverse  lesion  at  junction  of  the  pars  oerriw^ 
with  the  pars  thoracalis  of  the  spinal  cord.  Fibres  from  the  fasciculu?^ 
cilis  to  the  lateral  part  of  the  corpus  restiforme  were  found  byMiKb' 
method  to  be  degenerated  in  a  case  of  compression  of  the  caiida  equJM  ^? 
A.  Souques  and  G.  Marinesco  (Degeneration  ascendante  de  la  inoell*:''^ 
struction  par  compression  lente  de  la  queue  de  cheval  et  du  cooe  terau** 
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The  study  of  AVeigert  preparations  in  longitudinal  and 
transverse  section  has  shown  the  existence  of  many  bundles  of 
meduUated  nerve  fibres  extending  between  the  white  matter  of 
the  dorsal  funiculi  and  the  gray  matter  of  the  cord.  When 
these  were  first  observed  they  were  believed  to  be  meduUated 
fibres  having  their  origin  in  cells  of  the  cord,  and  passing  from 
it  into  the  dorsal  white  funiculi.  But  after  the  study  of  second- 
ary degenerations  which  proved  that  the  majority  of  the  white 
fibres  of  the  dorsal  fasciculi  are  in  reality  continuations  of  dor- 
sal root  fibres,  the  belief  became  current  that  the  meduUated 
fibres  -now  under  consideration  represent  mainly  the  terminals 
of  the  dorsal  root  fibres  themselves,  running  in  to  end  in  the 
jray  matter  of  the  spinal  cord.  Exhaustive  and  exact  descrip- 
tions of  these  meduUated  fibres  were  given  by  various  investi- 
^tors  who  studied  Weigert  specimens ;  the  course  of  the  bun- 
lies,  their  arrangement  in  groups,  and  the  relative  size  of  the 
:iidividual  bundles  have  been  known  for  a  long  time.  Even  more 
xad  been  made  out.  Gerlach,  for  example,  had  mentioned  the 
entrance  of  bundles  of  fibres  from  the  dorsal  funiculi  into  the 
rentral  horns,  an  observation  which  was  confirmed  by  Waldeyer, 
p^echsig,  and  others.  Von  KoUiker  described  the  termination 
><  many  fibres  from  the  dorsal  funiculi  in  the  nucleus  dorsalis 
[  Clarke's  gray  column),  and  von  Lenhossek  had  called  attention 
:;o  the  relation  of  the  dorsal  root  fibres  to  the  dorsal  white  com- 
xiissure.  As  we  shall  see,  these  descriptions,  so  far  as  they  were 
3iirely  objective,  still  have  their  value.     They  contain,  however, 

*resse  m^l.,  Par.  (1895),  pp.  75-78.  See  also  the  interesting  case  recorded  by 
^.  V.  SSlder,  Neurol.  Centralbl.,  Leipz.,  Bd.  xvi  (1897),  S.  308).  Edinger  as 
arly  as  1885  (Zur  Kenntnis  des  Verlaufes  der  Hinterstrangfasern  in  der 
ledulla  oblongata  und  im  unteren  Kleinhirnschenkel,  Neurol.  Centralbl., 
-eipz,,  Bd."  iii  (1885),  S.  73-76)  had  stated  that  a  few  fibres  pass  directly  from 
^Je  fasciculus  gracilis  around  the  periphery  of  the  cord  as  flbra)  arcuat» 
xternip  dorsales  to  enter  the  corpus  restiforme.  The  direct  termination  of 
xones  of  dorsal  root  fibres  in  the  cerebellum  of  the  same  side  seems  to  be 
®*ter  established  for  man  than  for  animals.  The  study  of  experimental 
^generations  hj,  Marchi's  method  in  animals  by  such  careful  observers  as 
*^®»Tington  and  Mott  failed  to  reveal  blackened  fibres  beyond  the  nuclei  in 
*e  Jnedulla.  (See  Sherrington,  C.  S.  Note  on  the  Spinal  Portion  of  some 
sceiKiing  Degenerations.  J.  Physiol.,  Cambridge,  vol.  xiv  (1898),  pp.  255- 
^5  and  Mott,  P.  W.  Experimental  Inquiry  uj)on  the  Afferent  Tracts  of 
*®  Central  Nervous  System  of  the  Monkey.  Brain,  Lond.,  vol.  xviii  (1895), 
^-  1-20.) 
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where  objectivity  was  neglected,  many  grave  errors  which  had 
to  be  corrected  by  means  of  studies  made  after  the  method  of 
Golgi.  In  the  light  of  the  newer  results,  however,  these  older 
descriptions  are  by  no  means  devoid  of  value.  They  can  uot 
be  correctly  interpreted,  and  indeed  a  combination  of  the 
results  of  studies  by  Golgi's  method  with  those  belonging  to 
the  older  technique  alone  permit  us  to  understand  satisfactorflj 
the  anatomical  relations  of  this  portion  of  the  spinal  cord. 


t^ 


CHAPTER   XXXIV. 

CENTRAL   AX0XE8  OF   PERIPHERAL  CENTRIPETAL   NEURONES. 

{Continued.) 

The  dorsal  root  fibres  as  studied  by  Golgi's  method — Y-shaped  bifurcation — 
Ascending  limbs  and  descending  limbs — Collaterals  and  terminals. 

XowHERE,  perhaps,  in  the  nervous  system  has  the  applica- 
tion of  Golgi's  method  been  of  greater  service  than  in  the  study 
of  the  spinal  cord  itself.  Golgi's  *  early  studies  of  the  cord, 
which  are  of  the  very  highest  importance,  were  soon  followed 
by  the  epoch-making  contributions  of  Ramon  y  Cajal,f  von 
KoIliker,J  van  Gehuchten,^  von  Lenhossek,||  and  Retzius.^  An 
excellent  epitome  of  the  newer  work  on  the  spinal  cord  is  to 
be  found  in  the  thorough  article  of  Peldez.^ 

The  chief  results  afforded  by  the  study  of  Golgi  pictures  of 
the  intramedullary  continuations  of  the  dorsal  root  fibres  may 
briefly  be  summed  up  as  follows : 

(1)  The  fact  has  been  completely  demonstrated,  by  way  of 
direct  observation,  that  the  majority  of  the  fibres  of  the  dorsal 
funiculi  represent  continuations  of  dorsal  root  fibres — ^that  is,  of 
the  central  prolongations  of  spinal  ganglion  cells. 

*  Golgi,  C.  Studi  istologici  sul  midollo  spinale.  Arch.  ital.  per  le  raal. 
nerv.,  Milano,  vol.  xviii  (1881),  pp.  155-165. 

t  Ramon  y  Cajal,  S.  Contribuci6n  al  estudio  do  la  estnictura  de  la 
m^ula  espinal.    liev.  triraest.  de  histol.  (1889),  No.  3  y  4. 

X  von  Koliiker,  A.  Ueber  den  feineren  Bau  des  RQckenmarks  Sitzungsb. 
d.  phys.-med.  Gesellsch.  zu  Wlirzb.,  1890,  S.  44-56. 

•  van  Oehuchten,  A.  La  moelle  epiniere  et  le  cervelet.  Cellule,  Lierre 
€t  Lou  vain  (1891). 

I  von  Lenhossek,  M.     Op.  cit. 

^  Retzius,  G.     Biol.  Untersuch.,  Stockholm,  n.  F.  (1891  and  1893). 

^  Pelaez,  P.  L.  Anatomia  normal  de  la  m^dula  espinal  humana  y  algunas 
indicaciones  de  anatomia  comparada  sobre  el  misino  organo.  Madrid  (1897), 
569  pp.,  12mo. 
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(2)  The  dorsal  root  fibre  has  been  shown  to  divide  by  Y- 
shaped  division  soon  after  entrance  into  the  cord  into  an 
ascending  and  a  descending  limb. 

(3)  The  limbs  soon  assume  a  perpendicular  direction,  the  de- 
scending one  terminating,  after  a  short  course,  in  the  gray 
matter  of  the  cord,  the  ascending  limb  running  usually  for  a 
much  longer  distance  in  the  white  matter  before  terminating 
in  the  gray  matter  of  the  central  system. 

(4)  In  its  course  each  fibre  gives  off  a  large  number  of  col- 
laterals, so  that  each  central  prolongation  of  the  spinal  ganglion 
cells  comes  into  conduction  relation  with  neurones  of  the  cord, 
not  only  in  the  region  where  its  fibre  terminates,  but  at  many 
levels  in  the  cord  where  its  collaterals  end. 

(6), The  majority  of  the  medullated  fibres  seen  in  Weigwt 
specimens  entering  the  gray  matter  from  the  dorsal  funiculi 
represent,  not  the  terminals  of  the  dorsal  root  fibres,  but  collat- 
erals given  off  by  the  ascending  and  descendijig  limbs  during 
their  course. 

(6)  The  terminals  and  collaterals  of  the  dorsal  root  fibres 
which  enter  the  gray  matter  end  there  among  or  upon  the  cell 
bodies  and  dendrites  of  the  neurones  of  the  cord.  They  are 
never  connected  otherwise  than  secondarily  with  cells,  or  with 
dendrites,  or  with  collaterals  or  side  fibrils,  or  with  the  branch^ 
of  axones  of  cell  type  II.* 

(7)  The  number  of  collaterals  given  off  by  different  portions 
of  the  continuations  of  the  dorsal  root  fibres  varies,  and  as  a  r^ 
suit  the  different  areas  in  the  dorsal  funiculi  do  not  agree  tf 
regards  their  richness  in  collaterals. 

(8)  Greater  precision  has  been  reached  in  determining  the 
exact  conduction  relations  of  the  various  groups  of  fibres  in  the 
dorsal  fasciculi  to  definite  groups  of  neurones  within  the  spinil 
cord.     (Ventral  horn  cells ;  cells  of  nucleus  dorsalis,  etc.) 

Golgi  preparations  show  that  on  their  entrance  into  the  cord 
at  the  dorso-lateral  sulcus  the  dorsal  root  fibres  plunge  in  directly 
medial  to  the  marginal  zone  of  Lissauer,  where  the  axones  are 
seen  to  be  grouped  into  two  more  or  less  definite  portions,  a  lat- 
eral group  of  delicate  axones  and  a  medial  group  of  much  coarser 
axones.     Very  soon  after  entrance  each  fibre  divides  by  means 


*  The  few  centrifugal  fibres  of  dorsal  roots  met  with  in  many  animals 
form  an  exception  to  this  rule.    They  have  their  origin  in  cells  in  the  coid 
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of  a  forklike,  Y-shaped  division  at  an  angle  between  150°  and 
160°  into  two  divisions,  an  ascending  and  a  descending  branch. 
While  Golgi  asaerto  that  Y-shaped  division  is  the  exception, 
not  the  rule,  Ramon  y  Cajal,  von  Kolliker,  von  Lephossek,  and 
van  Gehnchten  have  never  met  with  fibres  which  do  not  bifur- 
cate, A  Buccessful  Golgi  preparation  studied  in  longitudinal 
section  through  the  zone  of  entrance  is  very  convincing  (Fig. 
303).     The  fine  fibres  of  the  lateral  bundles  undergo  Y-shaped 


Fio,  303. — Enhance  of  the  fibres  of  the  domnl  roots  into  the  dorsal  runiculDa  of 
the  spinal  rurd  of  an  embryo  calf.  (Afler  A.  van  Orhuchlen,  Anatumie  ilu 
syst^me  nen-eui  de  rhomme.  Lnnv.,  2.  ed..  1897.  p.  303.  Fiti.  305. )  A  sirm 
Bbn;.  a,  is  seen  dividing  intA  two  brani^hui,  b,  b.  Mie  aseendiiiK  and  dea<.*end- 
iDg  limbs  of  bif\imttiiin.     Frnm  the  stem  fibre,  a.  »  cnllnte'ral,  c,  ' 


dirision  nearly  all  at  the  same  spot,  but  the  coarse  fibres  of  the 
medial  bundle  undergo  division  in  very  different  parts  of  the 
entry-zone.  In  the  human  embryo  many  of  the  fibres  of  the  lateral 
portion  divide  first  after  entrance  into  the  substantia  gelatinosa, 
and  these  divisions  in  part  pass  backward  out  of  the  substantia 
gelatinosa  into  the  dorsal  funiculi  again ;  certain  others  of  the 
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divisions  run  up  and  down  perpendicularly   in   the  so-called 
longitudinal  bundle  of  the  dorsal  horn.     As  regards  calibre,  the 
ascending  limbs  and  descending  limbs  differ  much.     Von  Len- 
hossek  describes  the  ascending  limb  as  being  ofteu  coarse  and 
thick,  while  the  descending  limb  may  be  very  delicate,  some- 
times resembling  a  collateral  branch.     Von  KoUiker,  on  the 
contrary,  could  not  convince  himself  of  any  constant  difference 
in  the  calibre  of  the  two  limbs.     Studies  with  the  method  of 
vital  staining  with  methylene  blue  have  taught  Ramon  y  Ca^ 
that  as  a  rule  the  two  limbs  are  of  equal  thickness,  but  that  in 
from  ten  to  fifteen  per  cent,  of  the  fibres  the  size  differs  essen- 
tially, and  then,  as  a  rule,  it  is  the  descending  limb  that  is  the 
finer. 

As  regards  the  course  of  the  ascending  and  descending 
limbs  after  division,  this  differs  according  as  a  fibre  belongs  to 
the  lateral  bundle  or  to  the  medial  bundle,  and  indeed  Taries 
for  the  fibres  of  the  same  bundle.  The  ascending  limb  of  i 
lateral  fibre  runs  upward  in  the  marginal  zone  of  Lissauer  for 
a  greater  or  less  distance.  All  the  fibres  in  Lissauer^s  fascicolm 
are,  however,  relatively  short.  Some  of  the  fibres,  as  mentioned 
above,  run  upward  in  the  white  matter  of  the  dorsal  bom 
The  descending  limb  of  the  lateral  fibre  runs  only  a  short  dis- 
tance below  the  point  of  bifurcation  before  terminating  in  tbe 
gray  matter. 

The  ascending  limb  of  a  fibre  of  the  medial  bundle  nms  up- 
ward in  the  cuneate  fasciculus  of  Burdach ;  it  may  be  short, 
running  in  to  terminate  soon  in  the  gray  matter ;  or  it  may  ^ 
longer,  passing  up  many  segments  of  the  cord  before  terminit- 
ing ;  again,  it  may,  if  it  form  one  of  the  longest  fibres,  reach 
even  the  medulla  oblongata  to  terminate  in  the  nuclei  of  the 
dorsal  funiculi  situated  there  (Fig.  304) ;  or  it  may  even  go  pi^ 
these  nuclei  without  stopping  to  enter  the  cerebellum  by  wsj 
of  the  corpus  restiforme.  Unfortunately,  thus  far  it  has  becD 
impossible  to  follow  in  sections  prepared  by  Golgi's  method  a 
given  fibre  for  a  distance  of  more  than  a  few  segments  of  tlw 
cord,  but  in  view  of  the  combined  results  obtained  with  Golp'^ 
method  and  from  secondary  degeneration  this  statement  mrni^ 
be  held  to  be  correct. 

The  termination  of  the  fibres  has  been  studied  very  carefnDj- 
They  bend  in  at  various  levels  at  right  angles  to  enter  the  »a^ 
stantia  gelatinosa  beyond  which  they  divide  into  a  number  d 
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y.  hypoglmuus. 


]cieus  funiculi  euneati. 


iCieua  funiculi  gracilis 


\dix  dorwali* 

th  ganglion  spinaU, 


Decuatatio 
lemnitcontm. 


Q.  304. — Scheme  indicating  the  course  followed  by  the  centml  azones  of  the 
periphexal  spinal  centripetal  neurones  in  the  dorsal  Ainiculi  of  the  spinal 
cord.  (After  A.  van  (.Jehuchten,  Anatomie  du  8y8t4;ine  nerveux  dc  rhomme, 
2.  ^.,  Lou  v.,  18(y7,  p.  303,  Fig.  206. )  On  the  left  side  of  the  figure  are  shown 
shorter  and  longer  axones  of  a  single  dorsal  root ;  on  the  right  side  the  rela- 
tive positions  of  the  long  fibres  from  a  whole  series  of  dorsal  roots  (a,  b,  c,  d^ 
.  .  .  .  t)  are  indicated  ;  only  a  single  cell  of  each  ganglion  is  drawn. 
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fine  branches  which  run  ventral  ward,  exhausting  themselyes  bj 
multiple  division  and  ending,  just  as  do  the  collaterals,  in  Tari- 
ous  regions  of  the  gray  matter  of  the  cord.  Those  that  nm  u 
far  as  the  medulla  before  terminating  end  in  the  same  waj  in 
the  nucleus  funiculi  gracilis  or  nucleus  funiculi  cuneati.  Those 
entering  the  cerebellum  are  believed  to  follow  the  general  course 
of  the  fibres  of  the  corpus  restif  orme. 

The  form,  course,  grouping,  and  terminal  distribution  of  the 
collaterals  (since  their  discovery  in  1881  by  Golgi  and  the  dem- 
onstration of  their  large  number  and  great  significance  by  Ramon 
y  Cajal)  have  been  studied  by  nearly  all  investigators  who  hare 
worked  with  Golgi's  method  (Fig.  305).  As  a  result  we  haie 
now  very  definite  information  concerning  these  fine  branchet 
They  are  best  studied  in  longitudinal  sections  where  they  can 
be  seen  arising  by  little  wedge-shaped  processes,  sometimes  from 
the  main  axone  of  the  spinal  ganglion  cell  before  its  bifurcation, 
but  more  often  from  the  ascending  and  descending  limbs  which 
result  from  the  Y-shaped  division.  In  the  medullated  fibre  the 
origin  of  the  collateral  appears  to  correspond  always  to  a  node  of 
Ranvier.  Not  only  do  the  fibres  of  the  dorsal  roots  alwajs 
bifurcate  at  a  node  of  Ranvier,  but  the  collaterals  are  always 
given  off  at  such  nodes.  It  is  interesting  to  note  that  the  col- 
laterals have  recently  been  demonstrated  in  the  spinal  cord  by 
Bamon  y  Cajal  *  with  the  methylene-blue  method. 

The  total  number  of  collaterals  given  off  from  ti  single  dorsal 
root  fibre  is  unknown,  but  may  probably  be  very  large.  In  cali- 
bre each  collateral  is  much  finer  than  the  axone  from  which  it 
has  its  origin  unless  we  except  the  ultimate  terminal  branch  of 
the  axone  which,  as  von  Lenhoss^k  suggests,  may  not  improp- 
erly be  looked  upon  as  the  last  collateral  given  off  by  an  axone. 
The  collateral  runs,  as  a  rule,  almost  at  right  angles  to  the  fibre 
from  which  it  arises,  passing  straight  or  in  a  curved  direction 
ventralward  into  the  gray  matter.  That  the  cytoproximal  por- 
tion of  the  fibre  possesses  many  more  collaterals  than  the  cyto- 
distal  portion,  at  least  as  far  as  the  ascending  limb  is  concerned, 
is  made  very  probable  by  von  Lenhossek's  studies,  since  he  has 

♦  Ramon  y  CajaU  S.  Los  colaterales  j  bif iircaciones  de  las  raices  po6l«- 
riores  de  la  medula  espinaU  dernostradas  con  el  azul  de  metilena  Rer.  d( 
cHhm  terap*  y  farm.,  Madrid,  t.  x  (1896-'97),  pp.  3-8 ;  also.  El  azul  de  meti- 
leno  en  los  ceutroe  nerviosos.  Rer.  trimest  microg^  Madrid,  vol  i,  pf^ 
151-30a 
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never  been  able  to  discover  colIateralB  coming  off  from  the  fibres 
constituting  the  fascicnlus  gracilis.*     This  inequality  of  differ- 


30S  — OoBS  secti  tn  thr    igh  thi  »pinnl  c 
cnlUtcTaU.      AftirS   Ranx^n  y  (^al  An( 

1893  S  33S  Fig  3)  4  Bill  uh  leiitniliH  B  pfrndlular  )  ranLhvs  uf  tbe 
collaterals  rrum  the  %eDtral  funiculuB  C  c  llnh'nilR  of  the  central  c  im 
■DiSHnrc  D  d  in»1  buiidli  of  thi  dorsal  commiBsure  F  miildlt  bundlt  of 
thedomal  omini'Bnrc  f  Tentisl  buodle  f  the  donial  comminMire  ff  flhnl 
bunille<i  f  the  dfiwil  famtulus  which  bdho  from  its  Bumniit  H  hcxisoti 
motor  or  n  fli  K  collaterals  /  VValileyerR  nuckus  of  thi,  d  real  horn  J 
nuclcuit  dorealis  Clarkii  ncfiMnga  dulmct  gnup   f  cdlateiala. 

ent  portions  of  the  fibre  as  regards  the  origin  of  collaterals  m 
all  probability  explains  the  varying  nchness  of  the  different  re- 


•  In  contrast  with  von  Tjenhossck's  statements  may  be  mentioned  the  find- 
ings o(  Schaffer  (Beitraj;  lur  Histologic  der  secondaren  Degeneration ;  zu- 
gleich  ein  Beitrag  zur  RDckenmarksanatomie.  Arch.  t.  inikr.  Anat.,  Bonn, 
Bd.  xliii  (1804).  S.  252-266).  who  found  by  Marehi's  method  degenerated  fibres 
extending  from  the  level  of  the  lower  thoracic  cord  all  the  way  up  to  the 
medalla  in  the  fasciculus  cuneatus  (riringoff  al  (iJJ/etv/« degenerated  collat- 
emls  which  ndiated  into  the  ventral  horns.  It  is  perhaps  possible  that  he 
has  mistaken  terminals  for  collaterals. 
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gions  of  the  dorsal  funiculi  in  collaterals  which  is  shown  in  both 
transverse  and  longitudinal  sections.  The  grouping  of  the  col- 
laterals in  animals  shows  some  minor  differences  from  those 
found  in  human  specimens.    According  to  von  Lenhossek,  whose 


G.9, 


=  Red. 
=  Black. 
=  Vioiei. 
-  Bl«ie. 
=  BrowQ. 
=  Green. 


R.V, 


FlQ.  S06w— Scheme  of  the  stractare  of  the  sfHiial  cord ;  nerve  cells  fihown  io  ^ 
left  half  of  the  cord :  collaterals  shown  in  the  right  half  of  the  cord.  lAftff 
M.  von  Lenho^k,  Der  feinere  Baa  des  Nervensystems,  etc.,  2.  Anil.,  frri- 
1885>  Taf.  vi. »  Left  half  of  the  cord,  black  cells  are  motor ;  side  fibnl*  *^ 
seen  arising  from  their  axones :  red  cells  are  taatomeric  neuronen.  theuov* 
going  to  the  ventral  and  lateral  funiculi.  Among  these  are  the  cells  io  tk 
nucleus  dorsalis  and  s«jme  cells  in  the  substantia  gelatinnsa  of  Kob°^ 
collaterals  are  coming  off  &om  the  axones.  Violet  cells  are  commisonlc^ 
or  heteronieric  neurones:  one  is  seen  ^sending  its  a:sone  into  the  pV^ 
stance  of  the  other  side :  the  others  send  their  axones  into  the  white  nat^ 
of  the  opposite  side.  The  green  cells  send  their  axones  to  the  donal  fonif*^ 
In  blue  IS  seen  represented  a  Golgi  ceU  of  Type  II,  or  dendraxone.  I»  * 
right  half  of  the  cord  tbe  black  cells  represent  the  cell  bodies  of  peri^'*' 
sensory  neurones  situated  in  the  ganglion  spinale :  their  I'eutral  pnw^ 
tions  are  shown  entering  the  spinal  cord  as  dorsal-rrxit  fibres^  which  m^ 
and  seud  collaterals  to  terminate  in  various  parts  of  the  sulc^tantia  P^ 
Thus  the  reliex  collaterals  are  seen  going  to  the  ventral  horn:  wthff  <» 
laterals  enti'r  the  nucleus  dorsal  is :  some  pass  through  the  dorsal  cuffiini^ 
to  the  dori^al  horn  of  the  opposite  side.  The  red  collaterals  come  frmn  tv 
white  tibres  in  the  ventral  and  lateral  funiculi :  the  lilac  collatemb  b^ 
to  the  axones  of  heteromeric  neurones :  the  brown  collaterals  and  tenii>*f 
n^preseut  tibrvs  fn>m  the  &sciculi  cerebrosptnales  or  pynmidal  tzvt  •' 
fasciculus  cerebnispinalis  ventialis:  2?»  fasciculus  ventralL«  pn>priii8:.t,fi**^ 


ulus  veutrolateralis  Gowersi :  4,  fiksciculus  cerebellospinalis :  5,  ft**'" 
iH.>rebrospiiuilis  lateralis ;  t>.  fits^^iculus  lateralis  proprius:  7.  funicalQ»d««»* 
H.  v.,  radix  ventralis;  R,  (L.  radix  doisalis;  G^.,  ganglion  spinale. 
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careful  studies  of  the  cord  have  furnished  us  with  a  wealth  of  data 
concerning  them,  the  collaterals  in  human  beings  may  be  classi- 
fied as  follows  (Fig.  306)  : 

Collaterals  ending  in  Dorsal  Horns  and  Middle  Part  of  Sub- 
stantia Grisea. — (a)  Meridian  bundles  passing  through  Rolando's 
substance  (not  including  those  which  are  most  medially  placed  and 
w^hich  are  reflex  collaterals).  These  give  rise  in  the  g^y  matter  to 
that  fine  complex  of  delicate  meduUated  fibres  known  in  the  bibli- 
ography as  ''Waldeyer's  nucleus  of  the  dorsal  horn.*'  They 
probably  stand  in  conduction  relation  to  the  small  nerve  cells  situ- 
ated there. 

(6)  Collaterals  arising  from  the  fasciculus  cuneatus  medial  to 
Rolando's  substance  from  the  same  area  which  gives  rise  to  the  reflex 
collaterals  (vide  infra),  although  much  less  numerous  than  these. 
They  turn  transversely  lateralward  to  terminate  in  end-arboriza- 
tions among  the  cells  of  the  central  part  of  the  dorsal  horn. 

(c)  Collaterals  from  the  most  ventral  part  of  the  fasciculus  cune- 
atus passing  into  the  dorsal  horns.  These  stain  brown  with  Golgi^s 
method,  quite  differently  from  the  other  groups  of  collaterals.  They 
go  past  the  nucleus  dorsalis  but  enter  into  no  relation  with  its  cells. 

(d)  Collaterals  which  end  in  the  substantia  gelatinosa  of  Ro- 
lando, few  in  number  and  extremely  fine.    Origin  not  clear. 

Collaterals  ending  in  Ventral  Horns  of  Gray  Matter. — This 
group  includes  the  majority  of  those  irregular  bundles  seen  in  Wei- 
gert  sections  passing  in  from  the  cuneate  fasciculus  of  Burdach 
partly  ventro-medial  to  the  substance  of  Rolando,  partly  through 
the  medial  half  of  this  substance,  forming  S-shaped  curves  in  the 
gray  substance  and  passing  ventralward  directly  into  the  ventral 
horns  {AbschniiningsbUndel  of  Schwalbe,  Bogenbiindel  of  Red- 
lich).  These  bundles  are  largest  in  the  intumescentise  of  the  cervical 
and  lumbar  regions.  They  arise  always  in  the  sickle-shaped  field 
of  the  fasciculus  cuneatus  in  the  region  before  spoken  of  as  the 
*'  entry  zone."  ♦  The  collaterals  of  this  group  are  the  largest  in  the 
human  cord.  They  can  be  divided  into  two  sub-groups:  (1)  The 
main  mass  passing  in  fanlike  convergence  from  the  fasciculus 
cuneatus  into  the  gray  substance  through  the  narrow  space  just 
ventro-medial  to  the  medial  angle  of  the  substantia  gelatinosa  of 
Rolando,  immediately  behind  the  point  of  bending  of  the  margin 
of  the  dorsal  horn.     They  are  joined  here  by  the  second  group,  (2) 

•  Pierret's  Bandelettes  extemes;  StrQmpeirs  Wurzelzone;  Westphal's 
Wurzeleintrittszone ;  von  Bechterew's  Orundbundein  der  Bintersirdfige  ; 
Flechsig's  vordere  Wurzelzone;  von  Lenhoss^k's  Einstrahlungazone  or 
ReflexkoUcUeralemone. 
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coDsisting'  of  a  number  of  bundles  less  closely  amuiged  which 
nearer  the  point  of  entrance  of  the  dorsal  roots  into  the  ooid  mtbr 
lateral  region  of  the  fasciculus  cuneatus  dorsal  to  Rolando's  o^ 
stance.  They  have  to  penetrate  the  substantia  g^latinosa  befcR 
uniting  with  the  main  group  ventral  to  this  substance.  All  thor 
collaterals  (Reflexkollateralen  of  von  KoUiker,  Manojo  setrntm- 
moter  of  Ramon  y  Cajal)  spread  out  into  the  ventral  horn,  cahi 
fashion,  and  exhaust  themselves  by  multiple  division  in  among  sfe 
cell  bodies,  dendrites,  and  side  fibrils  of  the  lower  motor  neuroooL 
On  their  way  forward  they  give  off  side  twigs  whiefa  come  in  cot- 
tact  with  cells  of  the  dorsal  horns.  The  curious  behavior  of  thes 
collaterals  in  the  mouse  and  rabbit  where  the  contact  relations  in 
mainly  with  the  side  fibrils  of  ventral  horn  cells  has  been  refemd 
to  above  (Section  V).  Bethe  s  '*  fundamental  experiment '"  (see  pip 
272)  is  also  interesting  in  this  connection. 

Collaterals  ending  in  the  Nucleus  Dorsalis  (Clarkii^  Stills 
gi). — This  very  important  group  of  collaterals  has  its  origin  exdo- 
sively  in  the  middle  area  of  the  fasciculus  cuneatus,  never  from  tk 
fasciculus  gracilis.  The  dark  color  of  Clarke's  nucleus  in  Wdgcrt 
specimens  is  due  to  the  presence  in  it  of  large  numbers  of  lnedn^ 
lated  collaterals  (and  terminals)  of  dorsal  root  fibres.  The  bondio 
of  collaterals  pass  into  the  gray  matter  and  reach  the  dorsal  side  of 
the  nucleus,  where  they  split  into  two  divisions,  one  of  which  passes 
to  each  side  of  the  nucleus,  so  that  in  cross  sections  the  nucleus  l^ 
minds  one  of  a  berry  on  a  stem  or,  if  one  will  think  of  the  stractnrf 
in  three  dimensions,  the  long  nucleus  dorsalis  can  be  thought  of » 
a  log  lying  in  a  trough.  They  form  by  their  multiple  divisioos 
baskets  about  the  individual  cells  of  the  nucleus,  each  fibre  comiaf 
into  contact  with  the  bodies  and  dendrites  of  several  cells.  Id  hf- 
ginning  tabes,  specimens  stained  by  Weigert's  method  often  show 
that  these  fine  feltworks  of  medullated  collaterals  in  the  nuckvt 
dorsalis  are,  along  with  Lissauer's  marginal  zone,  the  first  elementt 
to  disappear. 

Collaterals  going  into  the  Dorsal  Commissure  of  the  iSptW 
Cord. — The  dorsal  commissure  in  most  animals  is  made  up  mainlf 
of  sensory  collaterals.  Von  Lenhossek  states  that  in  human  beings 
it  is  composed  exclusively  of  such  fibres.  They  have  their  ongin 
in  the  most  ventral  part  of  the  fasciculus  cuneatus  on  the  dorsil 
border  of  the  gray  commissure.  They  appear  to  end  in  the  opposite 
dorsal  horn,  spreading  out  in  a  bushlike  fashion  ventral  to  the 
medial  portion  of  Rolando's  substance,  where  they  break  up  into 
end  arborizations. 

No  collaterals  from  the  dorsal  root  fibres  or  dorsal  fasciculi  hare 
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been  traced  through  the  ventral  commissure.*  Whatever  direct 
•decus^tion  occurs  in  the  domain  of  the  peripheral  sensory  neurone 
is  accounted  for,  therefore,  by  the  sensory  collaterals  forming  the 
<lorsal  commissure.  That  such  a  feeble  mass  of  fibres  can  account 
for  the  sensory  decussations  of  the  physiologists  no  one  can  sup- 
pose. This  sensory  decussation  must  much  rather  be  explained, 
therefore,  by  the  assumption  of  crossing  of  the  axones  of  centripetal 
xieurones  of  the  second  order  or  of  higher  orders  {mde  infra). 

As  to  the  actual  terminals  of  the  axones  of  the  dorsal  root 
:fibres,  they  behave  just  as  do  the  collaterals  running  in  to  end 
in  the  different  portions  of  the  gray  matter  of  the  cord  and 
medulla.  There  is  an  important  gap  in  our  knowledge  in  one 
particular.  We  do  not  certainly  know  as  yet  whether  or  not 
the  terminals  of  fibres  of  different  length  have  specific,  that  is 
to  say  non-homologous,  end  stations.  Should  the  affirmative  be 
proved,  the  importance  of  such  a  fact  for  physiology  and  pa- 
thology is  obvious. 

We  have  now  described  the  spinal  peripheral  sensory  neu- 
rones as  far  as  they  are  known  in  their  entirety,  including  the 
bodies  of  the  spinal  ganglion  cells,  their  peripheral  prolonga- 
tion, the  nerve  endings  on  the  surface  of  the  body  and  in  the 
organs,  and  finally  the  central  prolongations  of  the  spinal  gan- 
glion cells,  their  Y-shaped  divisions,  the  course  and  termination 
of  the  ascending  and  descending  limbs,  as  well  as  the  origin 
and  distribution  of  the  collaterals  given  off  from  their  various 
parts.  When  we  think  of  individual  neurones  of  this  group, 
for  example,  a  neurone  corresponding  to  one  of  the  sacral  roots 
whose  peripheral  process  collects  through  a  large  number  of 
divisions  impressions  from  the  lower  extremity,  perhaps  even 
from  the  sole  of  the  foot,  while  its  central  prolongation,  leaving 
the  spinal  gangUon  and  entering  the  spinal  cord  in  the  lum- 
l>ar  region,  gives  off  collateral  branches  to  the  nerve  cells  in  the 
cord  of  that  region,  while  its  main  ascending  division  passes 
np  through  the  whole  length  of  the  spinal  cord  to  terminate  in 
the  nucleus  funiculi  gracilis  of  the  medulla  oblongata,!  giving 

*  Mingazzini  (Salla  fina  struttura  del  midollo  spinale  delF  uomo.  Riv. 
sper.  di  freniat.,  Reggio-Emilia,  vol.  xviii  (1892),  fasc.  ii.  Fig.  i)  has  pictured 
collaterals  which  he  assumes  to  be  sensory  passing  through  the  ventral  com- 
missure ;  but  T.  Lenhossek  denies  the  existence  of  any  such  fibres,  and 
T.  KSlliker  agrees  with  him. 

f  Possibly  even  in  the  cortex  of  the  cerebellum. 


476 


THE  NERVOUS  SYSTEM. 


off  on  its  way  very  many  collaterals  to  very  different  segments 
of  the  cord,  we  see  at  a  glance  the  marvellous  distribution  of 
which  an  individual  cell  is  capable.  It  is  doubtful  if  anywhere 
else  in  the  animal  kingdom  a  greater  extension  or  a  more 
manifold  contact  relationship  is  met  with  in  any  cell.  Eadi 
spinal  neurone  may  be  thought  of  with  the  spinal  ganglion  ceil 
as  its  centre,  having  a  fanlike  distribution  of  each  process,  the 
peripheral  fan  collecting  impressions,  the  central  fan  giving  off 
impulses  to  the  various  sensory  end  stations  with  which  tb 
fibre,  by  means  of  its  terminals  and  collaterals,  comes  into  cihi- 
duction  relation.  The  sum  total  of  all  the  sensory  end  stations 
in  the  spinal  cord  and  medulla,  as  has  been  seen,  includes  pne 
tically  all  regions  of  the  gray  matter.* 


*  In  one  sense  the  so-called  motor  areas  of  the  cord  are  also  in  put  tk 
primary  end  stations  of  the  peripheral  centripetal  conduction  paths.  I^ 
efforts  which  have  constantly  been  made  to  separate  centripetal  from  e» 
trifugal  paths  have  nearly  always  gone  too  far.  Centripetal  and  centrifa^ 
paths  form  parts  of  units  of  which  the  centripetal  path  is  one  limb,  t^ 
the  centrifugal  path  is  the  other.  As  far  as  present  knowledge  vanutj. 
this  relation  holds  good  not  only  for  the  lowest  centres,  but  also,  thoa^^ 
more  complex  fonn,  throughout  the  whole  nervous  system. 
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CHAPTER  XXXV. 

PEBIPHERAL    CEREBRAL    CENTRIPETAL    NEURONES    COLLECTING 

BODILY   IMPRESSIONS. 

Those  pertaining  to  the  nervus  vagus  and  nervus  glossopharyngeus — Those 
pertaining  to  the  nervus  vestibuli — Those  pertaining  to  the  nervus  inter- 
medins— Those  pertaining  to  the  nervus  trigeminus. 

2.  Cmtripetal  Kevronot  of  the  TixBt  Order  (colleotiiig  Bodily  Imprenioiii)  oon- 

nooted  with  the  Bhombenoephalon. 

The  peripheral  centripetal  or  sensory  neurones  of  the  cere- 
bral nerves  collecting  impressions  from  the  head  and  neck  and 
from  some  of  the  internal  organs,  agree  in  general  in  their  form 
and  relations  with  what  has  been  described  as  characteristic  of 
the  peripheral  spinal  centripetal  neurones.  The  cell  bodies  of 
these  cerebral  peripheral  sensory  neurones  are  situated  in  the 
ganglia  on  the  cerebral  nerves.  Their  peripheral  prolongations 
pass  to  the  surface  of  the  body  and  to  the  organs  with  which 
these  nerves  are  connected,  where  they  also  exhibit  the  various 
nerve  endings  {corpuscula  nervorum  terminalia)  mentioned  be- 
fore. The  central  prolongations  pass  into  the  brain  stem,  and, 
as  von  Kolliker  showed,  bifurcate,  afterward  running  out  into 
their  terminals  in  the  gray  matter  very  much  as  do  the  dorsal 
root  fibres  on  entrance  into  the  cord.  We  have  here  to  consider 
the  sensory  portions  of  the  nervus  vagus,  nervus  glossopharyn- 
geus, nervus  vestibuli,  nervus  intermedins,  and  nervus  trigemi- 
nus. In  their  development  the  cerebral  peripheral  sensory 
neurones  resemble  closely  the  spinal  sensory  neurones  of  the 
first  order  (Fig.  307). 

In  order  to  make  clear  the  relations  of  these  nerves  to  their 
nuclei  terminales  in  the  central  nervous  system,  there  are  intro- 
duced here  a  number  of  sections  taken  at  various  levels  from 
two  unbroken  sets  of  serial  sections  of  the  brain  stem  of  a  new- 
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born  babe  ( Figs.  308-324).  The  central  prolongations  of 
unipolar  ganglion  cells  of  the  nervus  vagus  (ganglion  jugukn 
and  ganglion  nodosum),  together  with  those  of  the  ganglion 
cells  of  the  nervus  glossopharyngeus  (ganglion  superius  and 
ganglion  petrosum),  enter  the  medulla  oblongata  mixed  witli 


Baseofakull.  - 


N.  trigeminuB, »... 


Acustico'facialU.-" 


Auditory  vesicle.' 

y.  glos90- 
ptiaryngeua. 


N.  vctgits. 


N.  acceuoriui.  ^ 


Fig.  307. — ^The  developing  cerebral  nerves ;  head  of  a  hunuin  embiyo  10 
long.    (After  W.  His,  from  Kollmann's  text-book.) 


the  motor  fibres  of  these  nerves,  just  making  their  exit,  at  tb 
dorso-lateral  sulcus  (sulcus  lateralis  dorsalis).  The  sensor?  rw^ 
fibres  of  these  nerves  do  not  all  enter  at  one  spot  in  a  comp»f< 
mass,  but  make  a  number  of  small  bundles  which  pass  into  ^ 
central  system  at  several  points  along  the  sulcus  (Figs.  320  m 
321).  In  the  new-bom  child  the  linear  extent  of  entrance  m*"*' 
ures  about  .6  cm.  (Fig.  325).  The  medullated  fibres  plnn? 
through  the  tractus  spinalis  nervi  trigemini  and  the  adjacent  ^ 
stantia  gelatinosa,  going  obliquely  in  the  dorso-medial  directwa 
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toward  the  nuclei  of  reception  (nuclens  alie  cinerete  and  nnclens 
tractus  solitarii)  of  these  nervee  near  the  floor  of  the  fourth  ven- 
tricle.   There  is  do  bifurcation  of  the  seuBory  fibres  immediately 


FlQ.  SUS.—Traiuverae  section  tbrongh  mcdullB  oblonBats  of  newborn  child  at 
level  of  (levuiBitia  lemniBcoruin.  IScrivs  il,  BecUob  No.  50. )  Cc,  ranaliB 
centniia ;  Dte.l.,  decuseatio  lemniacuram  ;  F.a.i.,  Qbne  arcuatK  intvniK ; 
F,a.e,,  GbrK  nrcuatv  eitemf ;  F.c,  faEcicnliis  runoitQB  Burdachi :  F.e.  to 
F.r.,  bondlea  from  faaciculus  cunratoB  to  furmatio  reticularis;  F.di.,  fascic- 
uliu  eervbellospinalls  or  direct  cerebellar  tract;  F.g,,  fascieuluH  gracilis 
tiulll ;  f.r.p,.  fasciculus  veotraliB  propriua;  AVcon.,  nucleus  conimiiiBuralis; 
iVm./.c.  nucacoa  funiculi  cnneati  et  gradiis ;  Kn.f.g.,  nucleug  funiculi  gracilis ; 
Pg..  pyramis;  r.i.n.  I'.,  tractus  spinalis  N.  trigemini :  Kg.,  substantia  gela- 
tiDow  [Rolaudi].    (WeigertPal  preparation  b;  Dr.  John  Heweteon.) 

KuQC 


n«tifonnc:  F.a.e.,  fibrte  arcnatn  inlenue  ttom  the  anterior  half  of  tbe 
nucleus  funiculi  cunrati:  F.I.m.,  fiucicnius  longitudinal  is  medialis  ;  S.IX.X., 
S.  gloBSopharyiigens  et  vagus;  A'.-Y//.,  K.  hypogluasus:  Au.o.,  nucleus 
areuatus;  A'n.o.c,  nucleus  alte  eineres;  .Yny.c..  nucleus  hiniculi  cuneati; 
A'n.o.a.a..  nucleus  oliTaris  accessorius  medialls;  A'n.o.i..  nucleus  ollvaris 
inferior;  Kh.k.XII..  nucleus  N.  hypoglossi ;  iV-.  pyramis  (non-mrdullated) ; 
f.g.,  substantia  gelatiniMa  Bolandi  1  St.i.l.,  stratuDi  inlerolivnre  lemnieri ;  T,  a.. 
trsctns  sulitariuN :  T.'.n.V..  tractus  spinalis  N.  triRemini;  Kg.,  venlriculus 
quartos.    (Weigcrt-Pal  preparatiou  by  Dr,  John  HewetKon.) 

after  entrance,  a  fact  which  is  not  surprising  when  the  histoge- 
netic  relations  discussed  in  Section  IV  are  recalled.    The  bifurca- 
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tion  occurs  juat  where  one  would  a  priori  expect  it  to  take  pint, 
namely,  when  the  fibres  have  reached  the  neighborhood  of  tlieii 
graynaeleiof  termination  near  the  floor  of  the  ventricle.  Inrat 
ity,  then,  the  analogy  with  the  behavior  of  the  dorBal  root  6biti<i 
the  spinal  cord  is  nearer  than  if  the  bifurcation  occurred ' 


Flo.  310.— Transverse  Bpctiun  of  mod ulla  oblongata  and  perebellam  o(  nflj 
child.  {Series  ii,  wvtion  Nu.  148.)  C'.r.,  corpng  rpstifotme  lthpp«"* 
lateil  correaponda  in  the  main  to  the  din«t  (^n'ht'llar  tract) :  '''''~T 
coDtinuous  with  the  funiculus  lateralis  of  the  cotd ;  F.l.m..  ftsdnl"  »*" 
tudinalisQiedialis;  iV./X.X.  N.  ghMsopharyngeiisetvaKiu:  K.SILy'^ 
gluesus;  Sn.d.,  nucleus  ilcntatus ;  Na.n.cd.,  nnclQUH  N.  cochlee  *"* 
■Vn.n.r.iii.,  nucleus  N.  vostihiili  medialis;  Wn.o.a.rf..  nudenr    '■ — '"* 

soTios  dorsalis;   jVii.o.o.i».,   nucleus  olivnris  acceworius  nn v_,, 

nucleus ulivaris  inferior;  JVu.l.a.,  nucleus  tnictus  sulitarii;  P.f-fr^'C^ 
floc«uli ;  Ph.,  pyramis;  ILd.n.tBit.,    radix   descrndenB  S,   vnitiMili^ '^'r 
stratam  Interolivare  lemniscii   66,  plane  uf  longitudinal  wrtica  >■ 
(Note.— This  figure  has  bron  disproportionately  rcducwi  in  the  in"* 
Mon.]    (Weigott-Pal  preparation  hy  I>r.  John  Heweteon.i 

diately  after  entrance.  The  bifurcation  of  the  fibres  hw  ^ 
carefully  studied  by  von  KoUiker,"  Held.f  and  Ramun  T  C'K 
According  to  von  Kulliker,  single  fibres  going  to  theni"" 


•  Op.  cit.,  BJ.  ii,  S.  240. 

+  Held,  H.  Die  Endigungsweise  der  eensiblen  Verven  im  Qthin.  *" 
t.  Anat.  u.  Physiol.,  Anat.  Abth.,  l.eipi.  (1893).  S.  33-^1il. 

t  Ramdn  j  Cnjal,  S.  Beitrag  zurStudium  der  Medulla  ObkuU^'] 
Deutsche  Uebersetz.  v.  Bcesler,  I^ipzig  (ISM),  8.  43. 
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alse  cinereiE  divide  in  the  bundles  near  this  nucleoa,  the  rest  of 
the  fibres  inside  it.  The  fibres  entering  the  tractus  solitarim 
undergo  division,  but  not  all  &t  the  same  level. 


1  thronith  tBthtniia  rhnnibeiii»;pbali  of  nroWi 
t»  ii,  xi'ctioii  Sn.  268.)  Br.amj.,  btwhrnm  <* 
UH  inferiur;  y,  nudcas  disc ri bed  by  Wnqitiil '  r 
fin  of  the  N.  tmcliloariH:  F.l.m..  fBri«I> 
"  iDD^tDdiiiBlGs  [pyramidalo]:  U. 


Fig.  314.— TranBvcnie  ate 
biibc.  ( WuigcH-PBl, 
juDctivum :   C.i„  cullicului 

Cbnhly  cunrisrniKl   lu   the  orisin 
gltudinalis  nutlulis:  F.I^.,haci ^ ^ 

iHiimisciu  UtemliH:  L.n.,  lemnisvuH  medialu;  X.It'..  di 
trochle&rium :  JV.  >'. .  N.  trigeminuB:  Nh.1.1.,  uucIcuh  K-mniaci  bilcidi 
lin.r.l,^  nucleus  rpticulsru tcBmcnti  pontiii:  R.d.V.,  radix dtmvndeue [!>>*> 
cFphalicii]  netvi  trigGmiDi.    iPrepamtion  by  Dr.  John  Hcwi.>»fln.  i 

The  figure  copied  from  Held  (Fig.  336)  shows  rootfi!w» 
dividing,  one  branch  passing  to  the  nucleus  alee  cineres.lbf 
other  descending  in  the  tractus  Bolitarina.  These  descendiii; 
fibres  give  off  collaterals  (Fig.  3S7)  and  terminals,  to  end  in  tltr 
adjacent  gray  matter  (nucleus  tractns  solitarii).  Rann'in  ? 
Cajal  denies  the  existence  of  typical  bifurcations  (at  le«t  to 
the  majority  of  root  fibres  of  K.  IX  and  \.  X),  and  thinks  ttm 

•  Westphal,  C.  Ueber  einen  Fall  von  chroniscber  progress! ver  Ulun»( 
der  Augenmuskeln  (Ophthalmopkfria  eitema)  nebat  Bcscbreibung  too  Gw" 
glienzellengruppen  irn  Bereicbe  des  Oculomotoriuskems,  Arcli.  f.  Ps^fi* 
ufiii  Norvenkr.,  IJerl.,  Bd.  xviii  (1887).  S.  858. 
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these  'fibree,  diaobeyiug  the  general  law  of  dichotomy,  are  devoid 
of  ascending  limbs,  all  the  fibres  turning  down  in  the  tractus 
solitarius.  The  fibres  entering  the  nucleus  alse  cineres,  which 
in  the  mouse  is  continuous  with  the  nucleus  tractus  solitarii, 
he  looks  upon  as  collaterals.  The  general  course  of  the  tractus 
BolitariuB  is  best  studied  in  horizontal  sections  of  the  baby's 
mednllu  stained  by  the  Weigert^Pal  method  (Fig.  338).     In  its 


rcbri :  ■.  Ilbn-a  niiiniiit!  frum  l»ti?iHl  le 
rof  hTachiumciinjundivnDi ;  Br,  (iny.,  bm(-hiuiui-(iii]uni.'tivuiii ; 
,i..  rammiature  between  Ihr  collirull  Inferiorex;  l>er.Beeh..\vvtml  pnrtiiiii 
lit  bnirhiam  cunjonctivum,  which  in  nvlity  fomiH  n  nimmiiiHure  between  the 
fuprriornncieinf  tbcvestihabirneTvriiof  thetvniHiilis;  K/.«..fhacieulliiili>n. 
KiliiiliiialUmeiliBliB:  Ki>,.rBiw'iculiliinRitu(Iinalrtipontisipyniniidal(«i;  LJ~ 
li-ninixriiH  iHleraliK  in  iaigt:  part  tiTniiniitinR  in  the  nuei<'Uii  of  the  collkuUiK 
inferior ;  /.»..  1pinniw-i»  inPiliHliM :  X.lf..  N.  trcirhlcaris ;  ,Yh.Oi»  in/..  nucIouB 
collirull  infprioriH:  .Yn.oi.lfi.  nucltUH  ccntnilis  Hupprinr.  pun  Utenvlis: 
.YM.rj.iMl.nni'li-uiTenlialiHHiiperior.  |n»mudi)iliH:  K.il.n.  I',,  radix  di-scenilen!. 
[ni(«enFephaUra1  N.  trim'mini ;  >»,nr.r..Mratuni  Kriwum  ccntnilf.  (Prepara- 
lir.li  liy  Dr.  J.ibii  H.'»el«.n.i 

passage  spinalward  it  gradually  approaches  the  median  line,  lying 
in  its  lower  part  medial  to  the  nucleus  funiculi  gracilis.  Its  fibres 
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can  be  seen  terminating  at  different  levels  in  the  nucleus  tractoj 
solitarii  which  accompanies  it.  The  gray  matter  of  this  nncUu 
more  or  less  surrounds  the  tract,  being  better  developed  in  sooK 
places  than  in  others.  At  the  cephalic  extremity  of  the  tnctui 
BolitariuB  a  mass  of  gray  matter  can  be  seen  passing  headwsrd  for 
a  distance  of  1  or  2  mm.  {Nu.fr.sol.,  Fig.  328).  From  the  general 
appearance  of  this  mass,  and  the  character  of  the  cells  within  it. 


Mi{mj 


Fio.  316.  — TrauHverse  «c<'tion  throngh  mGBencrphalou  of  ncwbnm  babr.  If*^ 
of  uullii;ii1i  suptriurBi  of  corpora  qimdrigomins.  (Weigort-PsJ.  BerifsU  ■" 
tion  Nu.  33S.)  Aq.eer,,  aqueduvtua  LTn'bri  :  Dte.Br.Conj.,  deciuealia  tuK^^ 
coiyunctivi  1  At., dei'UKBHtio  tcgmenti  veutnilis  (rtvlnJe  BaubntrrKnf^ 
Forcl) ;  i'.t.ni.,  rssriculusloiiKitudinalismcdialwi  F.Pi/..  faBciculi  prramiilil^ 
in  the  paraboflilariH  (Hmtia:  L.ih,,  Icnmiiwus  mcdinlU;  .V./l'..  X.  trurhhan 
Nh.I.i.,  nucleus  Interatu  superior  uf  Flpohsijt ;  iYh.b./I'.,  nucleus  N.  Oo^ 
leans;  fH.alh.p.,  stratum  album  prnfiiniluni ;  Sl.gr.e,.  stratum  KTurBD  n* 
train;  H.n.,  HUbatantin  nJEra.     lPri'|Mrati»n  hy  Dr.  John  Utnclsiin. 

it  is  probably  to  be  regarded  as  an  upward  continuation  of  tbens- 
cieiia  tractus  solitarii.  The  maintenance  of  the  general  calibre 
of  the  tractus  solitarins  as  it  passes  sptnalward  renders  pml*- 
ble  the  view  that  the  majority  of  the  stem  fibres  pass  for  a  Ions 
distance  spinalward,  chiefly  collaterals  being  given  off  in  i^" 
course  of  the  tract.  In  sections  of  the  baby's  mednlla,  at  ll" 
spinal  end  of  the  tractus  solitarius,  there  is  to  be  made  ou' « 
each  side  of  the  middle  line  a  distinct  mass  of  cells,  evident!' 
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coDDected  with  the  trsctUB  solitarius  (Nuxom.,  Fig.  306).  It  is 
□ot  impossible  that  this  correspoads  to  the  ganglion  cotnmissu- 
rale,  which  has  been  described  by  Ram6n  y  Cajal  in  the  me- 
dulla of  the  mouse.  According  to  him,  in  the  mouse  this  nu- 
cleus forms  an  oval  mass  of  cells,  which  extends  bridgelike  just 
dorsiU  to  the  central  canal  (between  the  ependymal  cells  and 
the  gray  commissore  of  the  cervical  cord).  In  it  terminate  a 
large  number  of  the  fibres  (according  to  Ram6n  y  Cajal,  no 
less  than  three  fourths  of  them)  of  the  tractus  solitarius  of 
the  opposite  side,  so  that  we  have  to  do  here  with  a  true  termi- 
nal decuaaatio  trar-tua  solitarit.  The  fibrils  branch  manifoldly, 
and  are  so  numerous  that  the  plexus  formed  by  them  is  one  of 
the  most  complicated  met  with  iuside  the  central  nerroua  sys- 


tem (Fig.  339), 


Aqc^ 
St  gre 


Flo.  317  —Transrerse  section  thrnoKh  meflenrcphaloD  colllcnli  Huperiorm  of  cor- 
pom  quailnKcroinn  and  (erebrel  pednnik  of  ni whom  babe  Weigert-P»l. 
Btnef  II  "w-tion  >o  3M  )  iqeer  aqucduttu- cerebri  (oUmp  itilliculUH 
BopirDr  PI  (leta*nlio  tfgmeiiti  di  rsalu  t  fmlaiiieartige  Hanbfntmzuug  vt 
Hiynirt)  Flm  bwlrului  loii>;ltudiiiHllB  taedialiH  f  Fy  fHWiculi  pjra- 
midales  m  the  liadis  pediinruli  FriM)  fanriealuii  ntmfltius  Mevnerti ; - 
L  m  lemniscUH  meiltBliK  \n  Fl  m  nucleUH  fiuicii<uli  l<iiiKitiidinBliH  medi- 
sluornucleoi  enmniiimine  portenoni  tibtrer  OrulamolonHtirni  of  Darksclie- 
witBchl  \un  Iir  nucleus  ^  oruloiDutunI  \iir  iiucltm  ruber  N.lll. 
X  ornlomotonus  l¥  alb  p  atralum  alhum  pr  fmidum  "t  gr  c  atreluni 
IjTueuin  cen trail     ''»    itiihstnntia  nixni     a   region  of  (leihBiK  e  fVufcAIn/r,- 

0  tempuro-oniiiital  trart  t«  ponn    t    fruntal  tnut  from  pullium  lo  pons. 

1  Pnrparatinn  by  I>r  John  Htn  rttuin 

Outside  the  central  nervous  system  the  uervus  vagus  forms 
nnmerous  anastomoses  with  the  sympathetic.  The  relations 
are  well  shown  in  Fig.  330. 
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[o  318,  —  Honwntal  Hectinn  through  the  rhumhenwphalon  and  meocnrrl^y* 
(if  a  newbiim  Imlw.  Ltvfl  nfnurleuH  nervi  abducenlis.  i  WcipTt-Pil  »»* 
inft.  xerieH  iii,  xvetion  No.  66,  >  a,  Bbnv  mnning  fnim  rvKion  at  Irmae'^ 
Intcml  is  toward  reRJon  of  bnichiiimcnitjuDrtivum;  jlf,c..aqu('ductiBR'i<'t^ 
(I.  deriiHBHtlnic  ^rtluii  of  tool  ot  N,  trigcniiniiB  -,  Ct..  ccilliculus  sapcriar: '' 
Follirulus  inlt^nor;  Br.ranj,.  bTachium  mnjuni'tivuin  ;  Cr^rorpiis  rcsti'i**^ 
F.C;  fBHTiculUH  vDnifitUH ;  F.g.,  burirulUH  tc^ciliii ;  L.I..  ItmnlMiu  UV-nli' 
.V./r..  N.  trochlearU ;  Xnji.e.,  nucleus  ale  <'iin?nip  ;  XuJ.i:.,  nurlt'os  fnainl 
i-iiiii'ati ;  .VH./.0.,  niielRiiH  funiculi  Bisciliit ;  .VH.n.r.il..  niu-lpUH  X.  cwhinr  de« 
hhIib  ;  .Vb.h,  iV.,  nai-lcua  N.  abduirntU ;  A'ii.ti,r.(,.  nQrlron  S.  ventilwli  tali-™'' 
(Dciteiwi  pammcdialiti;  A'M.(i.r,i.i.  nu<'leua  N,  VBrtihuli  Inti-ntlw ' IVittn'  [«' 
latcraliN;  .Vn.n.r.m.,  nui'lruH  N.  vmtihiill  medialia  iSrhwallvl  ;  .Vh.htj^ >■ 
ili-nii  N.  vevtibuli  iiupprior  ivon  BivhUrew i ;  Xh.h.XII..  nurli-us  N,  hjT 
tti'imi;  A'ii,r„  anUrii-Iatcnil  eitremit^  lit  niicli'tis  N.  vestihuli  imJi"!' 
R.d.n.l^  radii  duw^cndcn)!  [mmeiirephahcn]  ihtti  trifn-miiii :  R.d.t.rrd,  rail 
liwu-eiidenB  N.  vcntihnli ;  !tr,alb.p..  Htraliim  allium  pniftiiirlam  ;  TV  J,  i™" 
HititariHn  ;   I'.q..  vcntrlciiliiB  ijiiarlus,     i  Pn-puratinn  by  l>r.  Jiihn  Hrirrw«  ' 
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Fm.  319. —Horizontal  sertion  tUroaith  the  rhnmbrncephalon  and  mesenccphali 
of  a  newborn  bsbr.    Weigert-PHl  tttuining.      Lcvi-1  or  veutrel  part  uf 


iHTvi  ahducpDtiH.  (Series  iii,  Bection  No,  T2.)  Agt^.,  a<iuediictuH  wrpbri; 
Brarli.niaj.,  brechium  coniunctlvum:  (bJ(.*Hp..  cuIliMiliiBMipcrior:  Call.inf., 
(iiiliculUH  inferior:  (brp.reirf..  corpus  retitifurnie;  Drt.Btthl..  fibres  of  ventral 
piirtion  of  biBchinm  ronjunrtivnm  forming  a  commissure  between  the  nujie- 
rior  nuclei  of  tcrminatiim  of  the  vestibular  nerveoof  the  two  lilies ;  Fa.em.. 
fiiwifnlus  cuneatus;  Fa.gr..  faseieulus  gracilis;  F.a,i.lV'tat.).  fibnr  areuabe- 
pritiiininfE  to  the  eentrxl  ve.stihulHr  paths;  FateJ.istd..  faM'ieulua  tonei- 
Indinalis  medialis:  Ijmrt.lal.,  lemnisrus  lateralis;  Med.obl.,  medullii  oh- 
loDgala:  Mrtntr.,  mesencephalon:  X.lroelil..  N.  trochlearis:  AM'.irfcr.  . 
ilei'UHsating  portion  of  the  root  of  the  N.  trigeminus;  S.VIII.,  radii  N. 
fBcialiH.  pBni  secuncla;  Xarl.f.rua,,  nucleus  nniculi  cuneati;  Xart-f-or., 
nucleus  funiculi  gracilis:  Siui.ti.aM.,  nucleus  N.  ahduceutis;  Xu.n.co^l.d., 
niirlcUB  N'.  eorhleie  dumalis:  Xurl.n.hgp..  nucleus  N.  bypogloasi;  NH.tr.gel., 
nucleus  tractus  sulitarii:  Ratt.drJv.n.rrnl..  railix  dewendens  X.  vestihuli : 
St.alb.p.,  stratum  album  proruniluiu:  •'■'f.Qr.r..  Ktratum  griseum  cenfrale: 
Ty.tol.,  trartufl  solilariun.     <  Prei«rntioii  hy  Dr.  John  HowclHon.) 
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Fio.  320. — Horizontal  section  through  the  rhombencephalon  and  mesencephalon 
of  the  newborn  babe.  Weigert-Pal  staining.  Level  of  the  fasciculus  longi- 
tudinalis  medialis.  (Series  iii,  section  No.  80.)  Aq.eer.,  aqueductus  cerebri; 
Br.amj.f  brachinm  coi\junctivum  ;  C.Becht,  commissure  between  Bechteiew's 
nuclei  of  the  two  sides;  OoU.s.,  col  I  iculus  superior ;  Cr.,  corpus  restiforme ; 
F.a.i.,  fibne  arcuatffi  intemse;  F.cU,,  fasciculus  cerebellospinal  is  or  direct 
cerebellar  tract;  F.ctL^  ^sciculns  cuneatus;  F.g.,  fasciculus  gracilis;  FJ,m., 
fasciculus  longitudinalis  medialis ;  LI.,  lemniscus  lateralis ;  L.8.,  lemniscus 
superior;  N.IV,  N.  trochlcaris;  N.MotV^  N.  trigeminus,  pars  motorius; 
S.V,  N.  trigeminus;  N.VI,  radix  N.  abducentis;  N.  VII (a)^  radix  N.  fiicialis, 
pars  prima;  N.VII(e),  radix  N.  facialis,  pars  secunda;  N.tesi.,  X.  vestibuli ; 
N.IX.X,  radices  Nn.  glossopharyngei  et  vagi;  Nu.Jf.cu.,  nucleus  funiculi 
cnneati ;  ^tt./.j7.,  nucleus  funiculi  gracilis:  Nu.n.c.d.,  nucleus  N.  cochlece 
doraalis;  Nu.n.V.,  nucleus  N.  trigemini;  Nu.n.XII,  nucleus  N.  hyiaoglossi: 
Nu.1.8.,  nucleus  lateralis  superior  of  Flechsig;  R.d.n.rest.,  radix  descendens 
N.  vestibuli;  f^.g.c,  stratum  griseum  centrale;  Sub.g^.RoUmdi,  substantia 
gelatinosa  Bolandi ;  Tr.nol.,  tractus  solitarius;  T.a.n.V,  tnictus  spinalis  N. 
trigemini.     (Preparation  by  Dr.  John  Hewetsou.) 


Fio.  321. — Horizontal  flection  through  the  medulla,  pons,  and  midbrain  o 
bom  babe.  Weigert-Pal  staining.  Lt^vel  of  nucleus  nervi  oculomut 
nucleus  nervi  trochlearis.  (Series  iii.  section  No.  100. )  Aq.  ofr.,  aqi 
cerebri ;  Br.  conj.^  brachium  coi^unctivum ;  T.p.,  commissura  poster 
bri  ;  C.  Becht.^  commissure  between  Bechterew's  nuclei  of  the  two  sid 
corpus  rc'^ti  forme ;  F.l.m.^  fa^M^iculus  longitudinal  is  medialiis;  F.c  toF. 
from  fasciculus  cuneatus  to  formatio  n>ticularis ;  Fib.  arc  ni/.,  fibne 
internte ;  F.  en.,  fasc.  cuneatus ;  F.r.a.^  formatio  reticularis  alba  ;  Mot^  I 
motorius  N.  trigemini ;  N.  PT.,  radix  N.  abducentis  ;  N.  re»f.,  ra«lix  X. 
uli ;  N.  VII.ic.),  radix  N.  facialis,  pars  secunda  ;  N.IXandX,  nidi 
glossopharyngei  et  vagi;  N.XIL  radix  N.  hypogloesi :  aVii.cji.< » >. 
centralis  superior,  pars  medialis;  yu.cs.il),  nucleus  centralis  8Upen< 
lateralis ;  A'm././.,  nucleus  leranisci  lateralis ;  Nu.Ls.,  nucleus  laterals  sa 
Nu.n.IFI.,  nucleus  X.  oculomotorii ;  Xu.n.IV.y  nucleus  N.  trochleari 
lemniscus  superior;  Xu.f.ff.,  nucleus  funiculi  gracilis;  Xu.n.ct.,  nucl 
cochleae  ventralis ;  Xn.n.  VII,  nucleus  N.  fiicialii^ ;  S.g.^  substantia  gebi 
St.U.,  stratum  interolivare  lemnifici ;  Sen.  F.,  radix  sensorius  N.  trifi 
St.g.c,  stratum  griseum  centrale ;  Snb.  gel.,  substantia  gelatinoai  m 
trance  of  sensory  part  of  N.  trigeminus;  Tr.s.n.t.,  tractus  spinalis  X.  ti 
ini ;  Tr.fr.nu.D.,  tract  from  Deiters'  nucleus  to  the  spinal  cord.  <  Prepa 
by  I>r.  John  Hewetson. ) 
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Fio.  333.— Horizontal  sertion  through  the  medulln,  pons,  and  nidbr^n  of  ■  k^ 
bom  babe,  Weigort-Pal  staining.  Level  uT  Heciieaatio  brachii  ranjnvixi 
and  of  nuclens  retlcuUm  togmenti,  (Stri™  iii,  section  N»  108.i  '> 
commiwaiB  poBterior  cerebri;  Dec.Bx.,  decunatio  brachii  eoiuDSfli"- 
Dfc.BreM,,  comminure  between  Bech terew' a  nuclei ;  D.(.,  fibres  to  (i«ii»w 
tegiaFiiti ;  F.a.i.iCm.),,  Sbrte  arrnatfe  internie  ftuin  the  nucleus  tamev^ 
cuneati;  F.e,.  foaciculus  cuneatus;  F.t.  h  F.r.,  bundle  from  bicinl" 
cuneatua  to  formatin  reticularis;  F.g.,  fascicnlna  BiBcilis;  F.l.m.,bKin» 
longitudiualiB  medialis;  L.n.,  lemniscus  m^ialis:  L.t.,  lemnisros  libw. 
*o(.  r.,  radin  motoriusN,  triKemini ;  H.l'IL.  radii  N.  fccialia.  nu*  w"""- 
""      "-  ".  ahdneeutiB;  A'.A//..  taiiJ? 


N.vat..  radix  N.  vestibuli ;  .V.I7.,  ladii 


:  A'B.«,///.(o).n( 


cleu 
pars  lateniia ;  .Vu.n.///.(6).  nucleus  N.  oeulomotorii,  inrsimpar;  •V'>>''' ' 
nucleus  centmlia  superior,  pars  lateralis;  Nn.c.t.im).  nueleui  «■''■<'' 
superior,  pars  medialis :  .Vu.i.I..  nucleus  Icmnisci  lateralis;  -Va.a.l'H.,  botHi 
N.  fiieialia:  Nn.N.c.v.,  nucleus  N.  cochlen  TentiSiliB;  A'it.e.i..  noclnu  "* 
trails  inferior ;  Nn.r.U,  nucleus  reticularis  tegmentl ;  .Vii.(.»..nuclcQiblmn' 
Roperior:  fU.gr,c.,  Btratuni  grineum  centmle;  fim-l'.,  arniniT  ront  a  >_ 
trigeminus;    F.g.,   substantia    gelatinesa   Roland i ;    Trjr.nu.' 


n.K.U 


s  N.  I 
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FlO.  323. — Hnrizimtal  Hectinn  thrnniih  the  mednllit.  pons,  Had  midhrsin  ofa  new- 
hiUTi  bahe.  Wfigert-Pal  Blainiiig.  I-pvp1  of  dorsal  part  of  i-oi^ub  tnppmi- 
dpnni  and  dnnal  portion  of  nucleus  olivaris  inferior.  (Series  Jii,  wrtion  No. 
ISS. )  C.t..  corpus  tispezoidcum  ;  Dee.  Br.  Cmj.,  dmuwitio  bracbii  coigaDctivi ; 
Dff.Brdit..  commiamire  bt'twron  Bechterew'B  nudei;  D.e.n.r..  dornil  oipBule 
ornoclens  ruber;  F.a.i,.  flbcs  arruatR  interna:  Fatc.rftntf.,  fucirulug  retro- 
flriiiB  HpTnerti :  F.l.m.,  fasriculiu  longitudinaliB  raedialia:  F.l.p..  bundle 
conlJnauiiH  witb  the  feecicolun  iHlerelis  pn^riug  of  the  cord  ;  F.t.p.idi.  doreal 
portion  of  bundle  eontinnons  with  rowienluit  UtoraliB  propriuB  of  the  eord  ; 
l^L.  lemnitirns  IsteraliH:  I..m..  lemniacus  medialis;  It.lll..  radix  N.  omilo- 
motorii;  fi.Moiy.,  motor  root  of  N.  trigeminuB ;  K.V..  Bensory  root  of  N. 
triReminns:  y.FI..  nAii  N.  abducentiH;  A',  f //..  radix  N.  beialiB.  MrB  nc- 
runda  ;  .V.  nwi.,  mdii  N.  veatibuli ;  X.XI..  radii  N.  acressorii ;  K.XIL.  ladii 
N.  brpoglowi ;  Ka.F.t.m.,  nucIeUH  (ilsricuti  longitodinflliii  mediAlU.  Or  nn- 
cleus  coDnniHBone  po«t«rioris  (abrrrr  OrHlomoloriiakfm  of  Darksrhcwitseh  I ; 
Ku.m.lll.m.,  para  imparof  nucleus  N.  ocnlomotorii ;  Nu.n.lII.I.,  para  lafcntlis 
of  nucleua  N.  ocnlomotorii:  Xu.o.:,  unelena  olivaiiB  BUperior ;  yH.n.e.V.. 
DQcleiu  N.  cochlen  TentraliH;  Xn.o.i,,  nucleuB  olivaris  inferior;  fiu.o.a.ai., 
nuHens  nliTaris  acc«isoriu»  medialia  ;  7V7r.irH.Z>..  tract  from  Deitem'  nncleus 
to  (he  spinal  c«rd.     I  Preparation  b;  Dr.  John  HewelwD.  I 
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.Nufliy:^ 


Fig.  3^. — Horiasontal  section  through  the  meduLla,  pons,  and  midbrain  of  nevv 
bom  babe.  Iievel  of  stratum  interolivaro  Lemnisci,  corpus  trapezoideum  and 
nucleus  ruber.  Weigfert-P&l  staining.  (Series  iii,  section  No.  136.)  C.I.,  cor- 
pus trapezoideum ;  DecBr.Conj.,  decussatio  brachii  coixjunctivi ;  D.t.^  decus- 
satio  tegmenti  ventralis  (ventral  tegmental  decussation  of  Forel);  F.a.%.{DecJ. ), 
fibrsB  arcuatSB  intemse  (decussatio  lemniscorum) ;  FA,,  fibres  continuous  with 
the  funiculus  lateralis  of  the  spinal  cord ;  F.l.m.,  fasciculus  longitudinalis 
medialis ;  F.r.M.,  fasciculus  retroflexus  Meynerti ;  L.m.,  lemniscus  medialis ; 
N.IIL,  radix  N.  oculomotorii ;  N.Mot.V.,  motor  root  of  N.  trigeminus; 
N.Sen.V.y  sensory  root  of  N.  trigeminus;  N.VIII.{eoch.).  radix  N.  cochlefe; 
y.  VIII A  vett. ),  radix  N.  vestibuli ;  N.  VI.,  radix  N.  abducentis ;  A*^.  VII.,  radix 
N.  fifccialis,  pars  secunda;  N.XIL,  radix  N.  hyiM^loasi;  Nu.f.l.m.,  nucleus 
fasciculi  longitudinalis  medialis^  or  nucleus  commissureB  posterioris  {oberer 
OctUomotoriuskem  of  Darkschewitsch ) ;  Nu.n.III.,  nucleus  N.  oculomotorii; 
Nu.o.a.m.,  nucleus  olivaris  accessorius  medialis;  Nu.o.i.,  nucleus  olivaris  in- 
ferior; Nu.0.8.,  nucleus  olivaris  superior;  JVu.rw6(9r,  nucleus  ruber;  iW. 9.1., 
stratum  interolivare  lemnisci;  S.n.,  substantia  nigra.  (Preparation  by  Dr 
John  Hewetmn.) 
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glawoptarymteuH.     The  Hbrw  "m 

A  Jn   into  the   trartUB   nolltanue  ft  •■ 

-'hysiol.,   Anat.  Abth.,  Le.p*..  1«»™ 


■^»^ 


Fia.  327.— TractuB  *>li 


„„  „p..,.  =~i>"i>s.     (After  11.  Hi'lil.  Arch,  f-  AmL  u-  " 
fip!;..  ISfti,  Tif.  i,  Fig.  2.) 
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Flu.  33)1. 'Horiionlal 

Uradi.lbH}..  brachi 


ction  tbroagh  thf  rbambencpphalon  and  meaencppluiloD 
Weigert-P^  Btaining.  Levpl  of  ventral  part  uf  nut-If  db 
c.j._!ii    ___.-  _   «■.    «  .      . — icductiis  trrebri ; 

im-riLri  CaU.iiif.. 
'    cntral 


t*  iii,  arctiun  No.  T3. )    Aq.cfr.,  ai 

Ukjunvtivum  ;  CMJ.np..  coIlknlUB -_^ ,  _ 

jlliculiM  inferior;  (brp.rfiif..  corpus  nstiforme;  Dfe.Beekt..  lihjv»o{ 

of  brachium  coDJunctivum  fonninK  a  commisHUre  betwcta  the  siipe- 


riiir  nuclei  ot  t«nniiistion  of  the  vestibular  nrrvea  of  the  U  . . .  _     . 

foivlcalus  runeatUB:  Pa.gr..  faw^iculUH  gTacilia:  F.a.i.(l'eil.).  fibnu  anriiuttt 
pertaining  Ui  tbe  central  vestibular  paths:  FatrJ.mfd..  fasciculus  lun)ri- 
tadinalis  mcdialin:  Ijtmii.lat.,  lemniiwuii  lateralis;.  M1I.M..  medulla  ub- 
lonxata:  Mttmc.,  mmeneephalon :  A'.troeU..  N.  trochlearis:  X.V.iilrt.: 
dei'ivwating  portion  of  the  root  of  the  N.  trifceminus ;  A'.  17/7.,  nidii  N. 
(H'iali&  uiB  seeunda:  yud.f.csH..  nucleus  Ainicnli  cuneati:  XveiJ.gr.. 
nDrlens  funiculi  fcracilis:  iVnd.n.aM..  nucleus  N.  abdurentis:  Xu.K.corlif.d.. 
nuclens  N.  coehlw  doi^lis;  Nad.n.hj/p.,  nuclens  N.  hypniiliHsi ;  Kn.lr.tol.. 
nucleus  tractus  soliturii :  Had.itme.H.ir'l.,  radii  dem-endeoH  N.  vpxtibuli : 
Kl.aib.p..  strnMin  album  priifiinduni :  St.gr.r..  hlratiini  miwum  centralc: 
TV.Mf..  tnctus BfllitariiiK.    'Preparation  by  Dr.  John  Heweteon. > 


498 


THE  NERVOUS  SYSTEM. 


Fio.  329. — Cross  section  through  the  rhombencephalon  of  a  four-dav-old 

(After  S.  Bam6n  7  C^al,  Beitrag  zum  Studium  der  Medulla  ObioDgate.  etc. 
Leipz.,  1886,  S.  48,  Fig.  13.)  A,  nucleus  N.  hypoglossi :  B,  nucleus  cm- 
missuralis ;  C,  nucleus  olivaris  inferior;  D,  tractus  spinalis  N.  trigemiBi:  £ 
motor  root  of  N.  vagus  and  N.  glossopharyngeus ;  F,  nucleus  ambiguiB ;  ^• 
posterior  extremity  of  nucleus  N.  vestibuli  radicis  deseendentis ;  H,cn» 
section  of  tractus  solitarius;  L,  fibres  going  to  nucleus  olivaris  inferior;  t> 
pyramis ;  6,  collaterals  from  the  pyramid  and  from  the  subRtantia  alba  latmi 
from  it ;  d,  collaterals  from  the  fasciculus  lateralis  proprias ;  e,  senaory  col- 
laterals for  the  nucleus  ambiguus ;  /,  recurrent  fibres  in  motor  roots  whick 
run  toward  tractus  spinalis  N.  trigemini ;  j,  crossed  motor  root  fibres  of  ^ 
vagus  and  N.  glossopharyngeus ;  K  collaterals  of  the  sensorr  root  of  the  N 
vagus  and  N.  glossopharyngeus  running  in  the  fasciculus  solitarius ;  t.  pn*^ 
plasmic  commissure  between  the  nuclei  N.  hypoglossi  of  the  two  sides. 
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The  cell  bodies  of  the  peripheral  neurones  corresponding  to 
the  nerviis  rexiibuU  are  situated  in  the  internal  ear  inside  the 
ganglion  vestibnlare  (Scarpa's  ganglion,  Fig,  331).  These  cells, 
which  remain  bipolar  throughout  life,  send  their  peripheral 


Tto.  880.— Sympathicua  and  N.  vaglls  of  a  human  embryo  viewed  rram  the  right 
side.  <  Afl^r  W.  His.  Junior,  and  J.  Kollmann.  rnnn  KolImann'R  Lehrbuch 
der  EntwickeluOEW^hicbte  de*i  Henachen,  Ji-na,  1898.  8.  S60.  Fig.  330. ) 

prolongations  to  the  vestibule  and  Bemicircular  canals,  especial- 
ly to  the  macula  acustica  utricnli  and  to  the  cristte  ampullares 
-of  the  superior,  posterior,  and  lateral  membranous  ampullee 
(Fig.  333).  These  peripheral  fibres,  after  repeated  division,  all 
«Dd  free  *  in  among  the  hair  cells  situated  there,  coming  only 
into  contact  relation  with  these  cells  (Retzius,  f  van  Gehuch- 

*  The  observations  of  H.  Ajers — A  Contribution  to  the  Morphologrf  of 
1he  Vertebrate  Ear,  with  a  Reconsideration  of  its  Functions.  J.  Morphol., 
Bast.  vol.  vi  (1893),  pp.  l-3a0;  Ueber  das  peripherische  Verhalten  der 
~GehSrnerven  und  den  Wert  der  Ilaarzellen  des  QehSrorganes.  Anat.  Anz. 
^ena,  Bd.  viii  (18B2--'B8).  S.  435-UO— who  formerly,  at  least,  believed  thai 
-acoustic  nerve  fibres  arise  directly  from  the  hair  cells,  is  in  disagreement 
vilh  the  findini^  of  other  investigators. 

f  Retxius.  G.  Die  Endigungsweise  Ae»  Qehnmerven.  Biol.  Untersuch. 
^UMkholra.  D.  F.,  Bd.  iii  0892).  S.  20-36. 
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ten,*  Ramon  y  Cajal,!  von  Lenhosaek,!  and  Krause ').  Ims- 
much  as  the  endings  in  the  macula  acustica  sacculi  (Fig.  333) 
correspond  closely  to  those  in  the  macula  acnstica  utricnli,  ilie 


Fra,  331.— Lefl  auditury  veaicle  with  thr  aiuHtiro-^ia)  ictnipln  uf  m  hnnuDtB- 
hiTO  Ht  Ihe  finb  iri-tik  (After  His,  Junior  fnim  KoUdirdd's  trxl-hook.^ 
5M,  Fir.  333.  J 

question  may  naturally  be  raised  as  to  whether  the  saccnlv 
branch  of  the  nervus  cochlete  really  may  not  subserve  the  bum 
functions  as  we  now  attnbute  to  the  branches  of  the  nem; 
veatibuli.  In  the  latter  event  it  would  perhaps  be  juBtifiable  to 
remove  the  neurones  corresponding  to  the  nervog  saccalvi) 
from  the  group  of  peripheral  auditory  neurones,  and  to  in- 
clude them  with  the  group  at  present  under  consideration- 

The  central  prolongations  of  the  cells  of  the  ganglion  vestibs- 
lare,  united  into  a  compact  maSB  as  the  nervns  vestibuli,  enitf 
the  central  nervous  system  at  the  junction  of  the  medulla  ioii 

*  van  Gehtic^hten.  A.  Contributions  ik  I'^tude  des  ^ii^lionii  cviAit- 
spinaiii.  Bull.  Acad.  roy.  d.  sc.  de  Belg..  Bnii.,  3.  s..  t.  xsj*  (189SL  |f 
117-154. 

t  Bam'in  t  Cajal.  S.  EI  nueTo  concepts  de  la  histologia  de  lo!  wnU" 
nervioaos.  Rev.  de  den.  med.  de  Barcel..  vol.  iviti  (1693).  pp.  3ei-3T>:  •»' 
pp.  4.17-476. 

t  von  Lenhoss^k.  M.  Die  NervenemligunBen  in  den  Matiilv  und  Cnff 
acnsticiF.  Anat.  HeFte.  Erste  Abth. ;  Arb.  aiiB  anat.  Tnstit..  Bd.  iii  "' 
II.  S.  231. 


■  Krause,  B.    Die  End i pings weisc  dsB  Nerv.  Aensticus  ir 
Vei-huDdl.  d.  anat.  (iesetlBch..  Jena.  Bd.  i  (1896).  S.  165-173. 
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the  pons  as  the  vestibular  root  of  the 
acoustic  nerve  (radix  vestibularis  X. 
acuatici).  The  demonstration  by  von 
Bechterew  *  in  1885  of  the  existence 
and  anatomical  independence  of  two 
roots  to  the  nervns  acaaticus,  one 
(posterior  and  lateral)  connected  with 
the  cochlea,  the  other  (anterior  and 
medial)  connected  with  the  vestibule 
and  semicircular  cunals,  formed  the 
starting  point  of  the  series  of  inves- 
tigations which  have  gradually  solved 
the  much-vexed  questions  concern- 
ing the  origin  and  central  connec- 
tions of  the  "  acoustic  "  or  eighth 
nerve.  Von  Beehterew'a  researches 
found  a  most  important  confirmation 
and  extension  in  the  investigations 
of  His.f  This  root  enters  at  a  point 
farther  anterior  (cerebral ward)  than 
does  the  cochlear  root.  It  ia  also 
situated  medial  to  the  cochlear  nerve, 
and  after  entrance  passes  obliquely, 
medial  to  the  corpus  restiforme  (be- 
tween it  and  the  tractua  spinalis 
nervi  trigemini),  in  a  dorsal  and  me- 
dial direction  toward  the  fioor  of  the 
fourth  ventricle.  A  little  lateral 
from  a  point  midway  between  the 
median  line  of  the  medulla  and  the  Fm.  332.— Arheme  of  periphcmi 
lateral  margin  of  the  corpus  resti-  (AX™V."VtIiai  Bi^l!*lln- 
forme  at  this  level,  the  root  fibres,  as       ST™'' ''■•,"!','^'^ *•"'?■  .?■   T; 

Bd.  IV.  1892,  p.    5fl,  Kig.  7.} 

fz.  <li-liaitc  HuppoTtinfi  c«n : 
ki.  haircelU;  »■.  aionp  of  N. 
vrHtihuli:  *z.  perikaryon  of 
vi«tihu1»r  neurone  in  the 
jrantclinn  Vi-stilinlare. 


von  Kolliker  and  Held  have  shown, 
undergo  bifurcation,  dividing  into  a 
coarse  descending  and  a  more  deli- 
cate ascending  limb.    This  bifurca- 


*  BcchUrcw,  W.  Ueber  die  innere  Abtheilung  des  StrickkOrpers  und 
den  Bcht^n  Himnerven.    Neurol.  Centralbl..  Leipz.,  Bd.  i*(188S).  S.  145-UT. 

t  Hi»,  W,  ZurOe9chichlede9Gehims»>wiedGr  ceniralen  und  peripher- 
ischen  Nerrenbahneti.  Abhandl.cl.  matb.-phys.  CI.  d.  k.  sOchs.  Gesellsch.  d. 
WiBscntch..  Uipz.,  n.  F.  135  (IWW),  IW.  xiv. 


:^^  THE 

yT^yxr%tvyZi*  f  Fi^.  :334>.      The  dssieniximg  Inibs  of  ike  thd- 

~ ^ J / ^_, -r- ^it '^^ 


Flo.  m.— LvjiatMl  imfHCteuled  interepithelial  end  afbofiaktioii 
aciutkft  MrcnilL     Method  of  G<^gL     ( Alter  M.  von 
Wienb,,  Bd.  iii.  Heft  ix,  ISBO,  TaC  xiii,  Fi|^  3.) 

The  root  fibres  of  the  nenre  of  the  vestibule  come  into  coih 
daetion  reUtion  by  means  of  the  collaterals  and  terminals  <tf 
their  axones  with  the  so-called  "'  nuclei  of  reception  ^  or  nuM 
lerminales  (Endkerne  of  the  Germans)  of  this  nerre.  In  the 
descriptions  of  no  part  of  the  medulla  has  there  been  more  coo- 
fusion,  perhaps,  than  in  those  of  the  region  of  the  nuclei  of 
termination  of  the  acoustic  nerve.  The  older  literature,  veU 
epitomized  by  Onufrowicz,t  iB  a  mass  of  the  most  bewildering 
and  contradictory  statements,  which,  together  with  the  Tanring« 

*  This  root,  called  by  Mejnert  the  innere  AUheilung  des  Stri^iMrpax 
was  carefully  stadied  and  described  by  C.  F.  W.  Roller — Eine  malgtagaiAt 
AcusticuswnrzeL  Arch,  t  mikr.  Anal..  Bonn,  Bd.  xviii  (1880),  S.  40a-lW: 
and  In  Sachen  deraofsteigenden  AcnsticaswnrzeL  Arch.  f.  PsTchiaL  n.  5«r- 
Tenkr.,  Berl..  Bd.  xiv  (1883),  S.  458-400 — ^bot  was  erroneously  designated  hf 
him  aufnieigende  WurzeL  He  believed  that  it  had  its  origin  in  the  fascica- 
lus  cu  neat  us. 

f  Onufrowicz.  B.  Ex perimen teller  Beitrag  zur  Kenntniss  des  Frapimip 
des  Nerrus  acusticus  des  Kaninchens.  Arch,  f .  Psychiat.  n.  Nenrenkr.,  BeiL. 
Bd.  xvi  (1885).  S.  711-742. 
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'o.  334. — Lateral  nanttsl  nection  through  the  rhombeuivphaluu  nr  >  ftelal 
taoaee.  (After  S.  BamAn  y  (^al.  Bvitisg  zum  Stuilium  der  Mfdulla  Oblon- 
imts.  etc..  Leipn.,  Ig9e.  H.  63.  Fig.  IT.  |  The  srction  is  relatively  thick  and 
ghowB  distinctly  the  bifurcation  of  tho  root  fihreeof  the  N.  vcstibuli,  a.  root 
fibrm :  b,  ascendiug  limhH ;  /.  continaation  ot  aan-nding  limba  iuto  nnclcun 
N.  vestibuli  superior  ( Bedit^rcw  >  and  nuclcun  reRbelloacuHticuH  ;  e.  desceod- 
iOK  limb  of  large  talilire  ;  d.  collaterals  terminatiiiK  in  nurlFiis  N.  vestiliuli 
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overlapping,  and  inconsequent  nomenclature  employed,  hare 
made  the  older  articles  so  puzzling  as  to  render  them  almost 
worthless  to  the  student  of  to-day.*  I  shall  not  attempt,  there^ 
fore,  a  tedious  resutnS  of  the  bibliography,  but  shall  state  as  am- 
ply as  possible  my  own  views  regarding  these  nuclei,  which  haw 
been  formed  after  study  of  serial  frontal,  and  horizontal  sections 
through  the  medulla  of  the  foetus  and  the  adult  with  Miss  Flor- 
ence Sabin,  and  after  a  careful  comparison  of  our  findings  with 
those  of  von  Bechterew,f  Flechsig,!  Baginski,  *  von  Monakow,| 

*  The  extreme  complexity  of  the  parts  and  the  liinit«tions  of  techmtioc 
of  the  period  excuse  the  labyrinth  of  errors  into  which  the  older  invetiii- 
tors  were  led.    Amid  the  general  confusion  a  reader  of  the  older  aitieb 
can  not  help  being  impressed  with  the  careful  objectivity  of  the  desciip 
tions  of  the  great  English  neurologist,  J.   Lockhart  Clarke  (Reseaithfc^ 
on  the  Intimate  Structure  of  the  Brain,  Human  and  Comparatire,  Fliil 
Tr.,  Lond.,   vol.  cxlviii  (1858).  pp.  231-259. — Researches  on  the  iDtiaute 
Structure  of  the  Brain,  ibid,,  vol.  clviii  (J888),  pp.  263-331).    The  pal* 
cations  of  John   Dean,  of  Boston  (The  Gray  Substance  of  the  MedoBi 
Oblongata  and  Trapezium,  4to,  Smithsonian  Contributions  to  Kooirledgr. 
Washington,  1864),  show  excellent  illustrations  of  the  region  in  quetiea 
The  original  articles  of  O.  F.  C.  Deiters  (Untersuchungen  ueber  Gebin 
und  Riickenmark  des  Menschen   und  der  S&ugethiere,   naeh  dem  Tode 
des  Verfassers  herausgegeben   und  bevorwort«t   von    Max  SchalUe.  ^i 
Braunschweig,  1865)  should  be  consulted  by  any  one  wishing  to  ondfr- 
stand  the  position  taken   by  this  celebrated   neurologist  conceminf  thf 
nuclei  in  question. 

t  von  Bechterew,  W.  Ueber  die  innere  Abtheilung  des  StrickkSrpfP 
und  den  acht«n  Hirnnerven.  Neurol.  Centralbl.,  Leipz.,  Bd.  iv  (18^^ 
145-147;  [Origin  and  Course  of  Stri©  medullares  s.  acusticse.]  MeAOboff. 
Mosk.,  vol.  xxxvii  (1802),  pp.  470-478;  also  in  Neurol.  Centralbl.,  Leipt,Bi 
xi  (1892),  S.  297-305.— Der  hintere  ZweihQgel  als  Centrum  fur  dasGeMr.ffr 
Stimme  und  die  Reflexbewegungen.  Neurol.  Centralbl.,  Leipt,  Bd.  xi» 
(1895),  S.  706-712. 

t  Flechsig,  P.  Zur  Lehre  vom  centralen  Verlauf  der  Sinneswn* 
Neurol.  Centralbl.,  Leipz.,  Bd.  v  (1886),  S.  545-551.— Weitere  MittheaosfB 
aber  die  Beziehungen  des  unteren  Vierhttgels  zum  H5merven.  XW 
Centralbl,  Leipz.,  Bd.  ix  (1890),  S.  98-100. 

•Baginski,  B.  Ueber  den  Urspmng  und  den  centralen  Verlmf*^ 
Nervus  acusticus  des  Kaninchens.  Arch.  f.  path.  Anat,  etc„  BerLBd.f^ 
(1886),  S.  28-46. — ^Ueber  den  Ursprung  und  den  centralen  VerUuf  desXff^ 
acusticus  des  Kaninchens  und  der  Katze.  Arch.  f.  path.  Anat,  etc  Bed. 
Bd.  cxix  (1890),  S.  81-93. 

I  von  Monakow,  C.  Ueber  den  Ursprung  und  den  centralen  Veriwf  <*^ 
Nervus  acusticus.  Cor.-Bl.  f.  schwciz.  Aerzte,  Bd.  xvii,  1887,  No.  5;  tiatP^ 
in  Neurol.  Centralbl.,  Leipz.,  Bd.  vi  (1887),  S.  201. 
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Sala,*  Held,  f  P.  Martin,  J  Cramer,^  Ramon  y  Cajal,||  and 
others. 

There  are,  in  accordance  with  the  views  of  the  majority  of 
recent  investigators,  at  least  four  well-defined  primary  nuclei 
of  termination  in  connection  with  the  vestibular  nerve:  (1)  The 
naeleus  nervi  vestibuli  medialis  (Schwalbe);  (2)  the  nucleus 
nervi  vestibuli  spinalis  (radix  descendens);  (3)  the  nucleus 
nervi  vestibuli  lateralis  (Deiters);  and  (4)  the  nucleus  nervi 
vestibuli  superior  (Flechsig,  von  Bechterew).  In  addition,  the 
nervus  vestibuli  comes  into  direct  conduction  relation,  (a)  (prob- 
ably chiefly  by  means  of  collaterals)  with  the  nucleus  nervi 
cochleae  ventralis ;  {b)  (by  m&ans  of  ascending  limbs  of  divided 
root  fibres  or  collaterals  from  these)  with  the  mass  of  nerve 
cells  (Ramon  y  Cajal's  nucleus  cerebello-arnstirus)  in  the  lateral 
wall  of  the  ventricle,  dorsal  to  Bechterew's  nucleus,  and  (<) 
with  the  nuclei  of  the  roof  of  the  fourth  ventricle  (nuclei  fas- 
tigii)  on  both  sides  of  the  middle  line,  and  (d)  possibly,  accord- 
ing to  Ramon  y  Cajal,  by  means  of  a  few  fibres  with  the  nucleus 
dentatus  cerebelli  and  the  cerebellar  cortex. 

Concerning  the  exact  topographical  relations  of  the  four 
principal  nuclei,  the  descriptions  in  the  bibliography  are  not 
only  very  incomplete,  but  there  is  also  considerable  variance 
between  the  statements  of  different  authors.  Florence  Sabin 
lias  made  from  serial  sections  a  flat  reconstruction  of  the  exact 
limits  of  these  nuclei  as  they  exist  in  the  new-bom  babe,  and  we 

*  Sala.  L.  Sur  Torigine  du  iierf  acoustique.  Arch.  ital.  de  biol.,  Turin, 
t.  xvi  (1891-92),  pp.  196-207 ;  also  in  Monitore  zool.  ital.,  Firenze,  vol.  ii 
<1891),  p.  219. 

f  Held.  H.  Die  centralen  Bahnen  des  Nervus  acusticos  bei  der  Katze. 
Arch,  t  Anat.  and  Physiol.,  Anat.  Abth.,  I^ipz.  (1891),  S.  271-291.— Die 
lEndigungswcise  der  sonsiblen  Nerven  im  Gehirn.  Arch.  f.  Anat.  u.  Physiol., 
Anat.  Abth.,  l^eipz.  (1892).  S.  33-39. — Ueber  eiue  directe  acustische  Rinden- 
bahn  und  den  Ursprung  des  Vorderseitenstranges  beira  Menschen.  Arch.  f. 
Anat.  u.  Physiol.,  Anat.  Abth.,  Leipz.  (1892),  S.  257-264.— Die  centrale  Ge- 
hOrleitung.    Arch.  f.  Anat.  u.  Physiol.,  Anat.  Abth.,  Tjeipz.  (1893),  S.  201-248. 

X  Martin,  P.  Zur  Endigung  des  Nervus  acusticus  im  Gehirn  der  Katze*. 
Anat.  Anz.,  Jena,  Bd.  ix  (1893-*94).  S.  181-184. 

•  Cramer,  A.  Bi'itrftge  zuin  feineren  Anatomie  der  Medulla  oblongata 
und  der  Brucke  mit  besonderer  BerQcksichtigung  des  3-12  Hirnnerven, 
Jena,  1894. 

I  Ram6n  y  Cajal,  S.  Beitrag  zum  Studium  der  Medulla  oblongata,  des 
Klein hims  und  des  Ursprung  der  Gehiruuerven.  Deutsche  Uebersetz.  vooi 
Bresler,  Leipzig,  1896.  ^ 
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Fio.  33S.- , -„ 

1.  (AfUrnoreni 

Uoap.  Bull.,  Ball.,  vol.  viii.  IBUT.  Fig.  1. 1  The  line  a,  a  rtpn^nn  Uk  k 
tral  wall  of  the  ventricle  ;  the  line  6  LVirrtsponds  to  the  lafral  outline  </'i 
corpus  rextirurmc  ;  the  \ine  d]  tu  di,  i(|  tu  <(■.  and  the  line  r,  r,  r  rormfod 
the  sulci  in  the  floor  of  the  fourth  ventricle;  f.rf..  nacleus  iier\i  «rt* 
damuliB:  C  r.,  nucleus  ncrvi  cochlea  ventral  is ;  the  eradUBtcd  line  n 
n-sponds  to  the  middle  line  of  the  floor  of  the  ventricle:  f «-  *"«'' 
K.VlI.  knee  of  nervns  fsclftlis  ;  /.,,  medial  portioD  of  nacleus  ner\-i  n<Dl> 
laterelifi  (Deiti>rB):  Li.  latcr&l  portion  of  naeleui  nervi  vestibali  bin* 
(Deitcrai :  U.  tvgcther with  Y.  nueicDs  nervi  vetitibnU  medialis  ■ScliiralJ' 
A'tu.  XII,  nucleus  nervi  hypofclowi ;  -Vuc.  VI.  nucleUH  nervi  abducrnli^:  r, 
pedunculns  floceuli :  S.  n.  p.  V.,  nucleus  mot^jriua  prinecpe  nervi  thgw" 
iV.  v.).,  nucleus  olivaria superior ;  JV'.i.  ('.,  nucleus  nervi  trigemini  |9riH<T 
f.e.,  root  bundle  of  nervua  cochlece  ;  A',  rrd. .  root  bundle  of  nerrus  "*»» 
K.d.B.M.,  bkIIk  descendcna  nervi  vt«tibuli  ^  S'..  nucleus  nervi  "*■ 
superior  (Bcchterew)  (ntea  included  in  the  brind  black  line);  TV.!*-' 
tractus  spinalia  nervi  trigeniini ;  1',  nucleus  y.  =  anteni-lalemi  foni"' 
nucleus  nervi  vestibuli  medialis ;  i.  deeusHatiu  nervi  (riKeminL 
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are  presented  for  the  first  time  in  her  article  *  with  a  diagram 
which  shows  clearly  (at  least  in  two  dimensions)  the  size  and 
relative  positions  of  the  nuclei.  Miss  Sabin's  diagram  is  repro- 
duced in  Fig.  335. 

It  will  be  seen  in  the  diagram  (Areas  M  and  Y)  that  the 
large  nucleus  nervi  vestibuli  medialis,  beginning  spinalward  a 
little  above  the  middle  of  the  nucleus  nervi  hypoglossi,  extends 
cerebralward  to  a  level  corresponding  approximately  to  the 
spinal  extremity  of  the  nucleus  nervi  abducentis.  Its  medial 
border  reaches  almost  to  the  median  line  of  the  floor  of  the 
ventricle,  going  over  without  sharp  limit  into  the  central  gray 
matter,  while  laterally  it  fuses  with  and  is  with  difficulty  distin- 
guishable from  the  nucleus  nervi  vestibuli  spinalis  (radix  de- 
scendens).  The  latter  nucleus  is  made  up  of  great  numbers  of 
cells  situated  in  the  gray  matter  surrounding  the  descending 
root,  and  also  of  many  cells  interspersed  among  its  fibres.  The 
fibres  of  the  descending  root,  as  the  cross  section  (Fig.  336) 
shows,  are  arranged  in  small  bundles  among  which  gray  matter 
rich  in  cells  is  everywhere  distributed.  The  nucleus  of  the  de- 
scending root  represents  at  least  one  of  the  principal,  if  not  the 
principal,  end-station  of  vestibular  fibres,  f 

.  The  antero-lateral  extremity  of  the  medial  vestibular  nucleus 
(Miss  Sabin's  nucleus  Y)  is  undoubtedly  the  most  important 
part  of  the  medial  nucleus.  In  transverse  section,  nucleus  Y  is 
triangular  in  shape  with  the  apex  ventralward,  hence  the  name 
nucleus  triangularis  given  to  it  by  some  authors.  In  it  are 
situated  an  enormous  number  of  cells  closely  crowded  together, 
in  among  which  ramify  very  many  rather  fine  meduUated  fibres 
from  the  area  in  which  the  nervus  vestibuli  bifurcates.  The 
nucleus  Y  tapers  out  posteriorly,  and  finally  disappears  ante- 
riorly just  medial  to  the  wide  part  of  the  medial  portion  of 


♦  Sabin,  Florence, R.  On  the  Anatomical  Relations  of  the  Nuclei  of  Re- 
ception of  the  Cochlear  and  Vestibalar  Nerves.  Johns  Hopkins  Hosp.  Bull.» 
Bait.  vol.  viii,  1897,  pp.  258-259. 

t  It  is  rather  amusing  to  find  that  in  the  earlier  history  of  the  vestibular 
nuclei  the  medial  nucleus  was  spoken  of  by  Schwalbe  as  the  Hauptkem  des 
MusUeua.  Later  the  superior  nucleus  (v.  Bechterew)  was  described  as  the 
-Hauptkem  des  Acuaticua,  It  would  be  unfortunate  if,  in  agreement  with 
^am6n  y  Cajal  and  myself,  still  others,  coming  to  the  conclusion  that  the 
nucleus  of  the  descending  root  is  the  principal  nucleus,  should  introduce  & 
^hird  Hauptkem  dea  Acuaticua  / 
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Deitera'  nuclena  ae  shown  in  the  diagram  (Fig.  335).  Pogteriw 
to  it  (that  is,  spinalward  from  it)  is  situated  the  nucleus  of  tJH 
descending  root,  and  the  junction  of  the  two  nuclei  is  marked 
hy  a  regular  vortex  of  fine  meduUated  fibres.* 


Fio.  336. — Transvprsr  section  ot  mednlla  ohlnnftata  and  ceTcbcllaTO  of  nnkn 
child.  (Scries  ii,  section  No.  148.  i  r.r.,  curpu*  restifonnc  (the  prtotdij- 
IbUkI  corroaponda  in  the  nmin  tu  the  direct  cerebellar  tract):  ^.L'"'"'' 
cuDtinuouH  with  the  f^nivulUH  lateralis  of  the  cord  :  F.l.m..  faaciraliu  <!*>' 
tudiiulisQiuduilis;  JV.fXX.N.nloBsopharyngeunetvapw:  .\\XII-,S.t^ 
eloHsus;  ifu.d.,  nucleus  dontutus:  Nu.n.e.d.,  nucleus  N.  each  If*  ■l"'*^' 
A'h.h.b.iii.,  nnrleus  N.  veatibuli  medialis ;  iVK.o.o.rf.,  nucleus  olimtu  »w 
sorius  duntalis:  fin.o.a.m.,  nucleus  olivaris  acccanrius  medblis;  .'>■'''' 
nucleus  oliyaria  inferiur;  iVii.l.*.,  nucleuH  Iractus  solitarii;  P.f-  prinwoit- 
flwL'uli ;  PH;  pyramis:  R.d.n.ueit.,  radix  desccndens  N.  vestiMilii '•'^■ 
Htrstuin  interolivare  lemnlsci:  tl6,  plane  of  lonKitudiiial  srctioo  So* 
[Note.— This  flgure  hax  been  disprnportloiialely  reduced  in  the  t^Ho'*' 
tinn.]    (Weigert-[M1  preparation  hy  Dr.  John  KewelHuii.  i 

*  Snbin.  F.  R.  (op.  nV.),  has  right! j  laid  emphnsis  upon  the  indiTidnalin'' 
nucleus  Y,  adducing  as  her  reasons  (1)  the  size  of  the  cells  (larger  thw  Ui* 
ot  the  rest  of  the  medial  nucleus,  smaller  than  those  of  Deiten'  nucl"^ 
<3)  the  mode  of  staining  of  the  nucleus  (much  darker  than  Ociters'  duA* 
proper  in  suitably  differentiated  Wei|;ert-Pal  preparations);  (3|  the  i* 
tribution  of  the  cells  (closely  packed  together  in  V,  scattered  and  (if '"" 
in  number  in  Deiters' nucleus),  and  lastly,  (4)  its  dislincl:demBrkaIi<>i>fr<c 
the  adjoining  gray  masses.  She  does  not  assert  its  absolute  uiorjAolif^ 
independence,  but  is  content  with  outlining  its  position  and  callini{ititiii>' 
to  its  charact eristic  features. 
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The  nucleus  nervi  vestibuli  superior  (Flechsig,  v.  Bechte- 
rew)  is  represented  in  the  diagram  by  the  area  S,  outlined  by 
the  very  heavy  black  line.  It  begins  posteriorly  at  a  level 
somewhat  behind  that  of  the  anterior  end  of  the  medial  nu- 
cleus, but  is  placed  much  more  laterally  and  dorsally,  so  that  it 
lies  in  reality  in  the  lateral  wall  of  the  fourth  ventricle  and  in 
the  ventro-lateral  angle  of  this  cavity  rather  than  in  its  floor 
(Fig.  337).  At  the  inferior  end  it  is  intimately  connected  with 
the  fibres  of  the  pedunculus  flocculi ;  indeed,  its  lower  limit 
is  only  with  great  difficulty  determined,  owing  to  the  intimate 
admixture  of  fibres  and  cells.  At  its  upper  (anterior)  extrem- 
ity it  tapers  out  into  a  narrow  mass  of  cells  which  can  be  fol- 
lowed anteriorly  as  far  as  the  level  of  the  principal  motor  nu- 
cleus of  the  nervus  trigeminus.  The  main  mass  of  the  superior 
nucleus  of  the  N.  vestibuli  is  ventral  and  medial  to  the  ventral 
portion  of  the  brachium  conjunctivum.  At  its  lower  (poste- 
rior) extremity  it  is  medial  and  dorsal  to  the  corpus  restif orme, 
where  the  latter  turns  up  into  the  cerebellum.  Just  anterior 
to  the  point  in  which  the  connection  of  the  pedunculus  flocculi 
with  Bechterew's  nucleus  is  most  apparent  the  nucleus  lies  ven- 
tral to  the  'corpus  dentatum  and  dorsal  to  the  corpus  resti- 
f orme,  being  intercalated,  as  it  were,  like  a  buffer  between  these 
two  structures. 

The  nucleus  nervi  vestibuli  lateralis  (Deiters')  is  situated 
between  the  medial  nucleus  and  Bechterew's  nucleus,  lateral  to 
the  former  and  ventral  and  somewhat  medial  to  the  latter  (Fig. 
337).  Miss  Sabin's  diagram  shows  clearly  its  division  into  two 
parts,  L  and  L^.  The  portion  L  is  situated  in  front  of  (anterior 
to)  and  medial  to  the  portion  Lj.  I  would  suggest  that  these 
two  portions  of  the  nucleus  nervi  vestibuli  lateralis  be  desig- 
nated, temporarily  at  least,  as  the  Pars  medialis  (L)  and  Pars 
lateralis  (L,).  I  wish  to  lay  stress,  however,  upon  the  fact  that 
the  subdivision  of  Deiters'  nucleus  here  made,  refers  only  to 
relatively  gross  relations,  for  microscopic  examination  shows 
that  the  two  parts  are  in  reality  made  continuous  with  one  an- 
other by  a  few  scattered  cells  which  are  interspersed  among 
the  root  fibres  of  the  nerve.  The  cells  in  L  and  Li  are  very 
large  multipolar  ganglion  cells,  closely  resembling  the  cell 
bodies  of  the  lower  motor  neurones  (cells  of  ventral  horns  in 
spinal  cord,  motor  nuclei  in  medulla).  The  study  of  serial  sec- 
tions shows  very  clearly  the  remarkable  relations  of  Deiters'  nu- 
84 
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eleus  to  the  vestibular  root  fibres.  The  fibres  entering  as  a 
tolerably  compact  bundle  penetrate  the  medulla  to  the  region 
of  this  nucleus,  and  then,  suddenly  stopping  their  dorso-medial 
c;ourse,  bifurcate,  the  coarse  descending  limbs  passing  immedi- 
ately downward  after  division  in  the  radix  descendens  nervi 
l^estibuli.  The  diagram  (Fig.  335)  shows  how  Deiters'  nucleus 
(Li,  L)  sits,  as  it  were,  like  a  cap  upon  the  descending  root.  The 
medial  portion  of  the  nucleus  L  is  separated  from  the  lateral 
portion  L,  by  the  entering  root  fibres. 

Just  how  far  down  the  fibres  of  the  descending  root  go  it  is 
difficult  to  say.  They  can  certainly  be  followed  to  a  level  pos- 
terior to  the  middle  of  the  nucleus  nervi  hypoglossi.  Ramon  y 
Cajal  has  been  able  in  the  mouse  to  follow  them  below  the  gan- 
glion commissurale  of  the  tractus  solitarius. 

What  is  the  fate  of  the  ascending  limbs  of  division  of  the 
kxones  of  the  nervus  vestibuli?  The  careful  studies  of  v. 
Kolliker,  Held,  and  Samon  y  Cajal  with  Golgi's  method  have 
letermined  their  course.  They  pass  in  a  dorsal  and  somewhat 
ateral  direction,  pursuing  a  tortuous  and  very  irregular  course 
nto  the  nucleus  nervi  vestibuli  superior,  where  all  of  them  give 
»ff  numerous  collaterals  and  many  of  them  end.  The  coarser 
Lbres  among  them  pass  up  medial  to  the  corpus  restiforme  and 
^rminate  in  the  cerebellum  in  the  nuclei  of  the^  ifl«l  of  the 
burth  ventricle  of  the  same  and  of  the  offf&mtim  mity  and,  ac- 
cording to  Cajal,  give  off  in  passing  collatenfa  to  the  little 
nass  of  nerve  cells  situated  in  their  course  (his  nucleus  cere- 
}ello  acusticus).  The  fibres  of  the  direct  cerebellar  bundle  of 
;he  nervus  vestibuli  are  doubtless  among  the  bundles  of  medul- 
ated  fibres  seen  in  Fig.  337,  extending  between  the  region  of 
Deiters'  nucleus  through  Bechterew's  nucleus  and  the  brachium 
jonjunctivum  to  the  region  of  the  nucleus  fastigii,  though  they 
io  not  represent  the  majority  of  these  fibres.*  It  is  impossi- 
t)le,  however,  from  Weigert-Pal  preparations  to  say  in  every 
instance  in  which  direction  the  fibres  are  running — whether 
from  the  medulla  to  the  cerebellum,  or  from  the  cerebellum  to 
the  medulla. 

The  connection  of  ascending  limbs  of  vestibular  fibres  with 
the   medial   nucleus  (its  antero-lateral  extremity,  nucleus  Y) 


*  For  a  study  of  the  nucleus  fastigii  by  Go]fn*s  method,  see  Rani6n  y 
Dajal.    Ganglions  c^rebelleus.    Bibliogr.  anat.,  Par.,  t.  iii  (1895),  p.  33. 
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iini)  with  Deiters'  nucleus  appears  to  be  maiiUj  by  meus  tf 
['iittatemls.  In  Weigert^Pal  preparations  enormous  nnmbn^^' 
flhri's  are  seen  to  enter  nnclena  Y,  but  it  is  impossible  loa? 


■B^  -if  eil'a»rab  Trum  tlic  nxonm  of  the  N.  "«*■ 
1  -rtntMih    luNinit^  '  [iFttmi' )  of  ■  four-dajr-oU  d 
~  'iumderMrdallaOhliiniatLfV 

jc  limb  uf  bifurratiiin  of  S.  "• 
'.  bnmrhrs  in  which  out  an  an-  ^ 
irnniiBli'Ai*  •<  'ir  •.-Mrai»-  fiSfiS  ;  Jk  nJl^tHml  whii-h.  t'Dtcring  inloiiiM' 
Kotk.  «-n>i>  ab'^MT  r'^Uu-nl    i    ■»  DiriKhbariiie  rami  Bra  tiuiu. 

whether  ihir**:  zr*-  (;<rlUtenils  or  a^vnding  limbs  of  divided  nxx 
Hbres.  Thtf  \ow^t  portions  of  the  medial  nucleos  rec«n  ] 
nameroim  riA\itt*^nU  from  the  desrending  limbs  running  in  tiK  : 
ndii  detk^n't^tiM.  A  great  many  roUaterala  from  the  Gbns  <^ 
the  df^r«ndin;(  root  end  in  Deiters'  nucleus,  where  therftwn 
most  fM)mpIif:at*d  pericellular  plexuses  (Fig.  338).  The  in»- 
jurity  of  the  nollaterals  and  terminals  of  the  descending  limb* 
end.  hiTWPTer,  in  the  gray  matter  immediately  adjacent— l  t, 
in  thn  nucleus  nervi  restibuli  spinalis.     Ramdn  y  Cajal  infl^ 
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that  the  innumerable  collaterals  of  the  descending  root  form 
-without  doubt  the  chief  termination  of  the  vestibular  nerve. 

A  very  welcome  confirmation  and  extension  of  modem  views 
concerning  the  distribution  of  the  root  fibres  of  the  vestibular 
Tierve  has  been  furnished  by  Thomas.*  The  reader  is  referred  to 
liis  experiments  in  which  he  cut  the  root  and  subsequently  studied 
the  distribution  of  the  fibres  by  means  of  the  method  of  Marchi. 

The  student  of  the  microscopic  anatomy  of  the  medulla  ob- 
longata can  not  fail  to  be  impressed  with  the  importance  of 
these  complex  gray  masses  in  connection  with  the  collaterals 
and  terminals  of  the  axones  of  the  peripheral  vestibular  neu- 
rones.    Such  an  elaborate  end-apparatus  in  a  region  where 


Periphery. 


jrfyeUOis 


Fig.  339. — Ganglion  geniculi  of  a  newborn  mouse.  (After  M.  Ton  Lenhoss^k.) 
Unipolar  nerve  cells  giving  off  central  axones  to  the  N.  intermedins ;  a,  point 
of  bifurcation ;  6,  isoUited  fibre  of  the  N.  petrosus  superficialis  m^jor. 

epace  has  been  economized  to  the  utmost  must  be  of  the  high- 
est physiological  significance. 

The  central  axones  of  the  cells  of  the  geniculate  ganglion  f 

*  Thomas,  A.  Lea  terminaisons  centrales  de  la  racine  labyrinthique. 
Compt.  rend.  Soc.  de  biol.,  Par.,  10.  s.,  t.  v  (1898),  pp.  183-185. 

f  Thus  ganglion  in  early  embryonic  life  is  a  portion  of  the  general  fan- 
shaped  Ganglion  aeusticofaciale  of  His.  The  centripetal  fibres  arising 
from  this  ganglion  decussate  at  the  apex  of  the  triangular  ganglionic  mass, 
and  enter  the  medulla  in  the  form  of  two  bundles — a  lateral  and  a  medial. 
The  peripheral  fibres  diverge  as  the  cochlear  and  vestibular  nerves.  The 
motor  facial  nerve,  whose  cells  of  origin  are  inside  the  pons,  breaks  through 
this  ganglionic  mass,  carrying  with  it  the  group  of  cells  corresponding  to 
the  geniculate  ganglion.    Cf.  His,  W.    Die  morphologische  Betrachtung 
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(nervus  intermediufl)  Join,  in  all  probability,  the  intracentni 
prolongations  of  the  X.  vagas  and  N.  glossophaiyngeus.  The 
peripheral  axones  accompany,  in  large  part  at  least,  the  bandk 
of  motor  axones  which  constitutes  the  N.  facialis  (Fig.  339). 

The  cell  bodies  of  the  sensory  neurones  of  the  nervus  tri- 
geminus  are  situated   in  the  ganglion  semilunare  (GasBeri) 
(PI.  I,  Fig.  2).     They  are  unipolar,  like  the  cells  of  the  epuul 
ganglia.     Their  meduUated   central  axones   form   the  portio 
major  of  the  fifth  cerebral  nerve  (Fig.  340).     The  periphenl 
processes  of  the  ganglion  cells  are  distributed  to  the  skin  of 
the  face  and  the  mucous  membrane  of  the  mouth.    The  cen- 
tral prolongations  plunge  through  the  substance  of  the  poos 
into  the  region  of  their  nuclei  of  reception  (Fig.  341),  who? 
they  bifurcate  *  (Fig.  342),  being  thus  distinguishable  fromtk 
motor  fibres  of  the  fifth  nerve,  which  do  not  bifurcate.f   Tk 
descending  limb  of  bifurcation  is  coarse ;  the  ascending  is  fine. 
and  terminates  after  rather  a  short  course  in  that  portion  of 
the  substantia  gelatinosa  often  spoken  of  as  the  main  nucieos 
of  reception  of  the  sensory  portion  of  the  trigeminus.    In  ral- 
ity  this  is  only  the  much  expanded  upper  portion  of  the  sub- 
stantia gelatinosa.     The  descending  limbs  pass  a  long  way  dors, 
the  meduUated  axones  forming  the  well-known  tractus  spmi^ 
nervi  trigemini,J  which  runs  through  the  whole  length  of  th* 

der  Kopfnerven.  Arch.  f.  Anat.  u.  Physiol.,  Anat.  Abth.,  Leipz.,188r.J 
87^-453;  and  His,  Jr.,  W.  Ziir  Entwickelungsgeschichte  des  Aeasti&> 
Facialgebietes  beim  Menschen.  Arch.  f.  Anat.  u.  Physiol..  AmK  Ahti 
1889,  Siippl.-Bd.,  S.  1-28. 

♦  The  bifurcation  of  the  sensory  axones  of  the  N.  trigeminas  ob«rre«i^ 
Ram6n  y  Cajal  (Gac.  san.  de  BarceL,  10  April,  1891)  has  been  eonfirm^l  fet 
von  KQlliker,  Held,  and  van  Gehuchten. 

f  In  Weigert-Pal  preparations  the  sensory  fibres  of  the  N.  trigpniiDBJ*" 
of  fine  calibre,  and  stain  of  a  brownish-black  color;  the  motor axoiw^ 
much  coarser  in  calibre,  and  stain  of  a  deep  bluishrblaek  color. 

t  Why  even  the  first-class  text-books  persist  in  calling  this  spinal  \ks^ 
the  ascending  root*  of  the  fifth  (the  Germans  constantly  referring  to  H* 
the  aufsfetgende  Wurzel)  I  can  not  understand.  This  is  a  serious  mi^ 
and  nothing  is  more  calcniated  to  confuse  the  beginner  than  the  coDtino** 
of  such  an  erroneous  nomenclature.  The  fibres  deacend  :  they  are.  in  ^ 
the  mediillated  descending  limbs  of  the  divided  axones  of  cell  bodies  *"*  J  -- 
ated  in  the  Gasserian  ganglion.  By  naming  it  the  *^  spinal  tract  of  tbf^ 
geminus,*' or  tractus  spinalis  nervi  trigemini,  we  a%"oid  the  confn«<>D*^ 
the  radix  descendens  (mesencephalica)  nervi  trigemtni,themedullatv«)"^ 
axones  descending  from  the  nuclei  motorii  minores  nervi  trigemiDl 
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mednUa,  going  even  below  the  level  of  the  decuaBstion  of 
the  pTnunids.  These  fibres  on  their  waj  give  off  great  nam- 
bers  of  collaterals  and  terminals,  to  end  free  in  the  neighboring 


Fio.  340.— Cerebrum,  with  a  portion  of  the  Hpinal  cord,  viewed  from  the  ventnJ 
surface.  On  the  right-haud  side  the  vrntral  roots  arc  eut  off  short  and 
turned  medialwaid.  (After  Biidlngcr  and  Uenle.  from  A.  Kauber's  teil' 
book.)  I.  trartus  olbctorius;  //.  tntetuH  opticus;  ///.  N.  oeulomot«riu8 : 
If.  N.  tmchleariH :  V,  S.  trigeminun,  portio  major  et  portio  miniir;  V'J.  N. 
abdocena;  177.  N.  focinlia :  VII'.  S.  intermodius;  r/f/.  N.  acunCicun:  IX, 
N.  ftlnasopharynneus  :  X  N.  vagus  :  XI,  N.  acccaeorius ;  XII,  V.  hypugluasua ; 
ncl,  N.  cerricali*  primus. 
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substantia  gelatinosa,  which  in  reality  forms  a  continaotis  col- 
umn of  nuclei  of  reception  for  the  fifth  nerve,  designated  now 
ae  the  nuclei  tractus  spinalis  nervi  trigemini  (Fig.  343).  The 
fibres  of  this  tract  are  very  characteristic  in  tranaverae  sections 
Btained  by  the  Weigert-Pat  method  (Fig.  344).     In  the  medulla 


Fig.  342.— Scheme  nhuwing  the  motor  and  BpnBory  neuronps.  the  aionenor  which 
enb^r  into  the  romuitiun  nf  t\w  ^.  trixcaiinuB.  tAltf r  A.  van  Gehut^hU■^. 
Anatomie  de»  iij'atemp  nerveui  de  rhonime.  Louvain,  18»7,  p.  543,  Fig.  384.) 
(1.  «.  (!..  KaoKliuD  semilunart  Guweri  ;  .Vh.  in,  m.n.  >',,  niiciri  motiirii  mtnim'S 
nervi  trigemini ;  .Vm.  m.  pr.  n.  I'.,  nucleus  moturiUH  prinirps  nervi  trigemini ; 
Rid.  Htte.  mrt.  n.  I'.,  radii  dpncendens  [mesencephalifa]  nervi  trigemini ;  IV. 
■p.  ■.  r..  tractus  spioaliB  nervi  trigemini. 

the  bundle  is  traversed  by  the  root  bandies  of  the  X.  glosso- 
pharyngeus  and  X.  vagus  (Fig-  344),  and  by  some  of  the  fibne 
c  e  rebel  lo-oli  Tares. 

Jnat  how  far  spinalward  the  tractus  spinalis  extends  there 
seems  to  be  a  difference  of  opinion.  According  to  Gudden,*  it 
probably  reaches  to  the  lowermost  parts  of  the  cervical  cord. 


•  OiiilHen.  H.    B*ilragiur  Kentitniss  der  Wiirieln  des  TriKemi 
Allg.  Zlschr.  f.  Psychial.,  etc.,  Berl.,  Bd.  ilviii  <ie»I-'92),  S.  16-38. 
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Obersteiner*  pnta  its  lower  limit  at  the  lerel  of  the  aecosd 
cerricsl  nerve,  while  tod  KoUiker  f  states  that  in  the  region  of 
the  uppermost  cerrical  neiree  there  ia  no  tnce  of  the  spiul 


^-%^r 


Fig  343  —LatPTsI  samttal  ■ectinn  throniih  the  pniiii  and  ferrbrllum  nf 
niouM-.  nhuwinft  the  wMisiry  porttua  iif  tht  N.  ttiKi-minns.   <A(U'r8.n 
C^&l.  Britnig  zum  Stuilium  drr  Mt-ilulU  Oblonieata.  ptc.  Leiu..  11* 
Fin.  1. )     A,  purtiu  majur  or  ncimnrf  mot  of  N.  trimMuiuiia ;  tli«  tmtin'u 
axiincA  dividing  into  an  aAcrndiiie  Inland  a  dcsceniliiig  limb  (t  I;  c  tfnoB' 
branches  of  aattnciiiig  limb;  ri.  mot  fibres  whirh  sink  Into  the  depths  '.** 
shI  part  of  dpHcendinK  portion  ufHenwi;  mot ;  B,  bifurratiim  i>raiMM9°f' 
Ti-xtibuli.  the  aimndini:  limb*  (s)  going  tu  the  ecrebvllum.  the  descuJi'' 
limlw  (/)  going  downward  to  the  medulla  <d>lungata ;  ('.  hnehiiiB'^ 
jnnetivum  :  i),  ftRcieuliis  cerebeilari*  deAoendrns  ;  E.  eorpm  reatifomt-  ' 
lemniscug  latt^relis ;  H,  corpus  trapezoldeuin  ;  0,  nuek'us  dentnliu. 

tract  of  the  trigeminus.  A  little  higher  (about  at  the  1^'' 
which  the  dorsal  nuclei  of  the  medulla  begin)  he  finds  the  io'" 
limit  of  the  spinal  tract.  Cramer  J  traces  it  to  the  distal  (m^"' 
the  pyramidal  decussation. 

It  has  been  shown  by  Golgi's  method  by  Ramon  y  C»i<li' 
sagittal  sections  that  the  two  longitudinal  layers  of  the  tfi^ 

•  Oberateiner.  H.     Anleilung-beira  StudJum  des  Bauea  dernfrrtsn'* 
trel-Orgsne  in  ^sunden  n.  kranken  Zust&nde.    Ill  Aufl.,  Leipiig(l^ 
I  Op.  eil..  Bd.  ii.  S.  m>. 
i  Op.  eil.,  S.  63. 
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Fio.  345. — Horizontal  section  through  the  medulla,  pons,  and  midhrain  of  a  new-, 
bom  babe.  Weigert-Pal  staining.  Level  of  nucleus  nervi  oculomotorii  and 
nucleus  nervi  trochlearis.  (Series  iii,  section  No.  100. )  Aq.  cer.^  aqueduetus 
cerebri ;  Br,  conj.,  brachium  conjunctivum  :  C.p.,  commissura  jK)8terior  cere- 
bri ;  C.  Beckt,  commissure  between  Bechterew's  nuclei  of  the  two  sides ;  Clr., 
corpus  rt»stiforme ;  FJ.m.,  fasciculus  longitudinalis  medialis ;  F.c.  io  F.r.^  fibres 
from  fasciculus  cuneatus  to  formatio  reticularis ;  Fib.  arc.  int.,  fibrse  arcuatee 
intemte ;  F.  cm.,  fasc,  cuneatus ;  F.r.a.,  formatio  reticularis  alba  ;  Mot.  V.,  radix 
motorius  N.  trigemini ;  N.  F/.,  radix  N.  abducentis  ;  N.  veM.^  radix  N.  vestib- 
uli ;  N.  yil.{e.},  radix  X.  facialis,  pars  secunda ;  N.IXandX,  radices  Nn. 
glosflopharyngei  et  vagi;  N.XII,  radix  N.  hypoglossi ;  iVt<.c.«.(m),  nucleus 
centralis  superior,  pars  medialis;  Nu.ca.U),  nucleus  centralis  superior,  pars 
lateralis ;  Nu.l.U  nucleus  lemnisci  lateralis ;  Nu.Ls.,  nucleus  lateralis  superior ; 
Nu.n.IIL,  nucleus  N.  oculomotorii;  Nu.n.IV.^  nucleus  N.  trochlearis;  L,«., 
lemniijcus  superior;  Nu.f.ff.,  nucleus  funiculi  graeilis;  A'«.w.c.r.,  nucleus  N. 
cochlefiB  ventralis ;  NH.n.VlI,  nucleus  N.  facialis;  8.  £f.,  substantia  gelatinosa  ; 
St.U.^  stratum  interolivare  lemnisci ;  Sen.  l\  radix  sensorius  N.  trigemini ; 
St.g.Cf  stratum  griseum  centrale ;  Sub.  gel.,  substantia  gelatinosa  near  en- 
trance of  sensory  part  of  N.  trigeminus;  7V.«.n.f.,  tractus  spinalis  N.  trigem- 
ini ;  Tr.fr.nu.D.,  tract  from  Deiters'  nucleus  to  the  .spinal  cord.  (Preparation 
by  Dr.  John  Hewetson. ) 


Fig.  346. — Transverse  section  through  the  tractus  spinalis  N.  trigemini  id 
acyaeent  substantia  gelatinosa  of  a  newborn  rabbit.  (After  S.  Bain6n  jCv^ 
BeitiUK  zum  Studium  der  Medulla  Oblongata,  etc.,  Bresler,  Leipz.,  1SB6,^^< 
Fig.  2. )  A,  ventral  part  of  tractus  spinalis ;  a,  interstitial  cells :  c,  mtnpBi' 
cells  ;  d,  cell  islands  in  substantia  gelatinosa ;  e,  small  cells  of  these  islftw^: 
/.stellate  giant  cells  not  arranged  in  islands;  g,  interinsular  cells; it 
marginal  cell,  the  axone  of  which  appears  to  go  into  the  white  substaocftf 
into  the  tractus  spinalis  N.  trigemini. 
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spinalis  (one  superficial  and  compact,  the  other  deeper,  and 
consisting  of  several  bundles  separated  from  one  another  by 
masses  of  gray  matter)  are  formed  by  descending  limbs  of  Ih- 
furcated  root  fibres  (Fig.  343).  The  superficial  and  deeper 
layers  of  the  tractus  spinalis  are  easily  demonstrable  in  hori- 
zontal sections  of  the  rhombencephalon  of  the  new-bom  babe, 
stained  by  the  method  of  Weigert-Pal  (Fig.  345). 

The  collaterals  from  the  axones  of  the  trigeminal  fibres  bare 
been  carefully  studied  and  described  by  Ramon  y  Cajal.  He 
divides  them  according  to  the  region  in  which  they  are  found 
into  (1)  interfascicular  collaterals,  (2)  marginal  collaterals,  and 
(3)  medial  collaterals.  The  interfascicular  collaterals  ramilr 
among  the  cell  bodies  lying  medial  to  the  superficial  compact 
layer,  and  among  the  fasciculi  of  the  deep  layer  of  the  tractui 
spinalis.  The  marginal  collaterals,  passing  sometimes  forvari 
sometimes  backward,  ramify  among  the  peripherally  placed  gpin- 
dle-shaped  cell  bodies  {Randzellen)  along  the  bundle  of  the 
deep  layer.  The  medial  collaterals  unite  to  form  small  bundle 
which  pass  through  the  fibres  of  the  deep  layer,  and  form  two 
or  three  layers  of  extremely  dense  end-plexuses  in  the  substan- 
tia gelatinosa.  Ramon  y  Cajal  states  that  many  of  these  col- 
laterals, especially  those  arising  from  the  dorsal  part  of  the 
tractus  spinalis,  end  in  well-defined  "  cell  islands  "  in  the  dorsil 
part  of  the  substantia  gelatinosa  (Fig.  346). 

The  work  of  Bregman,*  in  which  the  degenerations  foBow- 
ing  section   of  the  main  branches    of    the    trigeminus  were 
studied,  makes  it  seem  certain  that  in  the  rabbit  the  fibres 
from  the  nervus  ophthalmicus  run  in  the  ventral  part  of  tbe 
tractus  spinalis  nervi  trigemini,  while  those  from  the  nerrw 
maxillaris  and  from  the  nervus  mandibularis  run  in  the  doral 
part  of  the  tract.     For  important  data  regarding  the  f  nnctiow 
of  the  tractus  spinalis  nervi  trigemini,  the  case  studied  dinicallj 
by  Hun  f  and  pathologically  by  Ira  van  Gieson  is  referred  ta 


♦  Bregman,  E.  Ueber  experimentelle  aufst^igende  DegenentioD  IIwtc^ 
ischer  und  sensibler  Himnerren.  Arb.  a.  d.  Inst.  f.  Anat.  u,  Physiol  i 
Centralnervensyst.  an  d.  Wien.  Univ.,  Leipz.  u.  Wien  (1892),  S.  73-97. 

t  Hun,  H.  Analgesia,  Thermic  Anaesthesia,  and  Ataxia  resulting  fnv 
Foci  of  Softening  in  the  Medulla  Oblongata  and  Cerebellum,  due  toOcchi»« 
of  the  Left  Inferior  Posterior  Cerebellar  Artery.  A  Study  of  the  Course  d 
Sensory  and  Co-ordinating  Tracts  in  the  Medulla  Oblongata.  N.  T.  M-J- 
vol.  Ixv  (1897).  pp.  515^19. 
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Van  Gehuchten,  in  the  first  edition  of  his  text-book,  de- 
scribed the  ascending  limbs  of  the  fibres  as  passing  up  in  the 
course  of  the  descending  mesencephalic  motor  root  as  far.  as 
the  inferior  colliculi  of  the  corpora  quadrigemina  to  the  lateral 
region  of  the  gray  matter  of  the  aqueduct.  The  studies  of 
Lugaro,*  von  KoUiker,  and  Ramon  y  Cajal,  however,  make  it 
probable  that  the  fibres  of  the  descending  mesencephalic  root 
are  chiefly,  if  not  entirely,  motor,  and  in  the  second  edition  of 
van  Gehuchten's  work  these  conclusions  are  agreed  with. 

Some  authors  describe  sensory  axones  of  the  nervus  tri- 
geminus passing  directly  up  into  the  cerebellum.  The  demon- 
stration of  the  existence  of  such  fibres  would  not  be  surprising, 
now  that  we  know  that  certain  of  the  axones  of  the  dorsal 
funiculi  and  of  the  nervus  vestibuli  pass  directly  into  the  cere- 
bellum without  undergoing  relay.  Nevertheless,  such  a  direct 
cerebellar  tract  for  the  nervus  trigeminus  has  not  yet  been 
proved  for  human  beings, f  and  its  existence  is  vigorously  op- 
posed by  von  BechterewJ  and  Turner.*  The  latter,  a  very 
careful  observer,  believes  that  what  has  been  described  as  the 
**  direct  cerebellar  root "  |  of  the  trigeminus  corresponds  to  the 
fibres  extending  between  the  nuclei  of  the  roof  and  Deiters' 
nucleus,  and  probably  also  to  those  connecting  the  superior  oli- 
vary nuclei  with  the  nuclei  of  the  roof.  Obersteiner,^  in  the 
last  edition  of  his  text-book,  expresses  the  opinion  that  those 
who  deny  the  direct  relation  of  the  nervus  trigeminus  to  the 
cerebellum  are  in  the  wrong. 

Centripetal  impulses  arriving  along  the  fifth  nerve  can  affect 
the  motor  nuclei  in  the  medulla  and  upper  cervical  cord  either 
by  means  of  collaterals  from  the  axones  of  the  peripheral  nerves 

*  Lugaro,  E.  Sulle  cellule  d*origine  della  radice  discendente  del  trige- 
mino.  Arch,  di  ottal.,  Palermo,  vol.  ii  (1894-'95),  pp.  116-119. 

f  van  Gehuchten  has  followed  in  the  embryo  chick  by  Golgi's  method 
trigeminal  fibres  directly  into  the  cerebellum  through  the  brachium 
pontis. 

J  von  Bechterew,  W.  Ueber  die  Trigeminuswurzeln.  Xeurol.  Centralbl., 
Leipz.,  Bd.  vi  (1887),  S.  289. 

*  Turner,  W.  Aldren.  The  Central  Connections  and  Relations  of  the 
Trigeminal,  Vago-glossopharyngeal,  Vago-accessory,  and  Hypoglossal  Nerves. 
J.  Anat.  and  Physiol.,  Lond..  vol.  xxix  (1894-'95),  pp.  1-15. 

I  Edinger*s  directe  sensarische  Khinhimhahn, 

^  Obersteiner,  H.  Anleitung  beim  Studium  des  Baues  der  nervOsen  Cen- 
ralorgane.    Ill  Aufl.,  Leipzig  u.  Wien  (1896),  S.  403. 
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themselves,  or  by  means  of  collaterals  or  terminals  of  centrip- 
etal neurones  of  a  higher  order. 


It  will  be  seen  that  the  central  prolongations  of  the  cdd 
bodies  of  none  of  the  peripheral  sensory  neurones  collecting  ini- 
pressions  from  the  body  itself  pass  to  the  cerebral  cortex  directh. 
The  centripetal  impulses,  therefore,  which  enter  by  means  ol 
these  neurones  into  the  nerve  centres  must  be  carried  to  tlie 
cerebral  cortex  through  neurones  with  which  these  come  ia 
contact.  But  before  describing  these  sensory  neurones  of  t 
higher  order  it  will  be  convenient  to  consider  briefly  the  chir- 
acters  of  the  peripheral  sensory  neurones  connecting  the  oigios 
of  special  sense  with  the  central  nervous  system. 


(B)  Centripetal  Keurones  of  the  First  Order  collectings  ImpreosionB 
of  Special  Sense  (connecting  Organs  of  Special  Sense  with  the 
Central  Kervous  System). 

Under  this  heading  the  gustatory,  olfactory,  visual,  and 
auditory  peripheral  sensory  neurones  will  be  discussed. 

CHAPTER   XXXVI. 

PERIPHERAL  CENTRIPETAL  NEURONES   CONCERNED   IN   THE 

SENSE  OF  TASTE   AND   SMELL. 

Peripheral  centripetal  neurones  mediating  taste  impressions — Nervus  glos- 
sopharyngeus — Nervus  trigeminus — Nervus  intermedius — Taste  buds 
in  tongue— Relation  of  nerve  fibrils  to  taste  bud — Intragemmal  fibres 
— ^Intergemmal  fibres— Specific  taste  qualities — Peripheral  centripetal 
neurones  mediating  olfactory  iinpressions — Perikaryons — Distal  hair- 
like processes — Non-medullated  axones — Termination  in  olfactory  glo- 
meruli— Regio  olfactoria  of  nasal  mucous  membrane. 

1.    Poripiheral  Chutatory  Henronet. 

Gustatory  Neurones. — The  peripheral  sensory  neurones 
mediating  taste  impressions  consist  of  a  portion  of  those  of 
the  nervus  glossopharyngeus  and  probably  also  of  the  nervus 
trigeminus  and  nervus  intermedius  *  (Plate  I,  Fig.  2).  In  gen- 
eral, what  has  been  said  regarding  the  collection  by  the  sensory 
neurones  of  the  spinal  and  cerebral  nerves  of  bodily  impressions 
holds  also  for  the  nerves  of  taste.  The  peripheral  branches  of 
the  ganglion  cells  concerned  in  collecting  taste  impressions  come 
ultimately,  however,  into  contact  in  the  mouth  and  tongue  with 
certain  peculiar  structures — the  so-called  taste  buds.f 

The  structure  of  these  bodies  is  well  known  and  has  been 
accurately  described  in  the  text-books.  They  are  egg-shaped 
or  barrel-6haped  masses  of  epithelial  cells  situated  mainly  in 
the  vallate  papillss  and  fimbriae,  though  a  few  of  them  are  scat- 

♦  In  this  connection  the  paper  of  A.  F.  Dixon — On  the  Course  of  the 
Taste  Fibres,  Edinb.  M.  J.,  n.  s.,  vol.  i  (1897),  pp.  395-401— may  be  consulted 
with  profit. 

f  These  bodies  appear  to  have  been  discovered  independently  by  Loven 
and  Schwalbe  in  1867. 
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tered  elaewhere  over  the  tongue,  in  the  soft  palate,  and  on  tb* 
epiglottis.     Diese  *  haB  recently  described  similar  structDre«  u 


Fia.  347.— Schematic  rpprpM<nlBtion  nfa  toirtcbna.  'An«r  HemunD.  Sitou* 
d.  k.-bnyor.  Akail.  d.  Wianiisch.  zu  Munilitu.  1BS8.  as  modillrd  bj  brbi 
und  vun  D&vidofiT. ) 

occurring  also  in  the  nasal  mucous  membrane.  Thej  reprHeii 
a  differentiated  portion  of  the  epithelial  part  of  the  taaam 
membrane.  At  least  two  sorts  of  cells  are  present  in  t*e\i 
taste  bud :  (r)  the  supporting  cells  consisting  of  an  outer  km 
with  nnclei  centrally  placed,  and  an  inner  layer  of  verydeliw 
cells  with  nuclei  situated  at  the  base  ;  {b)  the  seosory  cells,  tb 
so-called  neuro-epithelial  cells  of  the  taste  bads — delicate  leaf 
drawn-out  cells  which  stain  well  by  Golgi's  method,  and  whii 
send  a  hairlike  process  through  the  pore  at  the  apei  of  li* 
taste  bud  to  the  surface  of  the  mucous  membrane.  It  is  prol* 
hie  that  the  flat  cells  at  the  base  of  the  taste  bud  corrwpwi 
to  a  special  form  of  supporting  cell  (Fig.  347).  The  nfr( 
fibres,  as  von  Lenhossek  f  and  Retzius  J  have  shown,  end  fn*  i> 

*  Disse,  J.     Ueb*r  Epilhelknospnn  in  der  Rckio  olfacrorift  dtrS^ 
Nachr.  y.  d.  k.  Oesellgch.  d.  Wissensch.,  Getting.  (1894).  S.  66-71.  I 

t  Yon  Lenhossek.  M.     Der  femere  Bau  und  die  Nervenendignnp*  *• 
Geschmscksknospen.     Anst.  Anz.,  Jena.  Bd.  viii  (1892-'93),  S.  ISl-liT. 

t  RetziuB,  0.  Die  NervenetidigiinKen  in  ilero  Oeschmsckfoip"  * 
SSugetiere  und  Ampbibien.  Biol.  Unteraucb.,  Stockbolm,  n.  F.  U 
(1883).  S.  19-38. 
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among  the  cells  of  the  taste  bud.  The  old  idea  that  the  neuro- 
epithelial cells  gave  off  axis-cylinder  processes  which  ran  to  the 
nerve  centres  h&s  been  definitely  disproved. 

It  is  to  be  remembered  that  the  mncous  membrane  of  the 
tongne  ia  supplied  in  general  vith  nerve  endings  mediating  the 
sensations  of  touch,  pain,  and  temperature  just  as  is  ordinary 
skin.  In  addition  it  receives  the  nerve  fibres  which  pass  directly 
to  the  taste  buds.  The  nerve  fibres  approaching  the  taste  buds 
and  becoming  connected  with  them  (intragemmal  fibres  of  von 
Ijenhossck)  are  distinguishable  from  the  branches  which  termi- 
nate among  the  ordinary  epithelial  cells  of  the  mucous  mem- 
brane between  the  taste  buds  (intergemmal  fibres).  From  two 
to  five  fibres  approach  the  base  of  each  taste  bud,  each  of  which 
on  entering  the  bud  breaks  up  into  a  fine  end-arborization,  the 


htUrgtmrnol  fibriia 

Via.  34S. — TaslB  buds  (calycDli  (tustatorii)  and  peripheral  eitKmitiea  nf  pe- 
ripheral pnxwMscs  of  peripheral  Buslatory  neuroiiiit.  prepared  by  Quigi'a 
methud  from  the  papillit  foliata  of  the  rahbit.  (After  M.  von  Lcnhissfk. 
AnaL  Am.,  Jena,  Bd.  viii,  18B3.  8.  123,  Fig.  I. }  a.  impreRnated  taste  cells 
aad  a  nnglc  gupportinjt  cell ;  below  the  taHte  bud  a  HUbeemmal  cell  is  in- 
dicated ;  h.  the  beKiDniiifni  uf  the  nerve  flhrils  npiin  and  between  the  taste 

individual  fibres  forming  a  complicated  plexus  about  the  con- 
stituent cells  of  the  organ,  though  without  entering  into  any 
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rclatioQ  other  than  that  of  contftct  with  imy  cell  and  appftTenil; 
without  the  formation  of  anastomoses  among  the  indiTidu 
fihrils.  It  is  stated  that  the  intergemmal  fibres  ariae  from  spe 
cial  nerve  Shres  and  never  from  fibres  which  give  off  the  isin 
gemmal  nerve  filaments,  a  statement  of  very  great  phyeiologia 
importance  if  confirmed  {Fig.  348). 


Fid.  34e.-~8rhem>tic 

palha  cDDDerted  with  the  organon  guslus 
LeitungvbahnvD  im  G^him  nnd  BuckenmBrk ;    DeDlacb  T 
ZwvilF  Aufl.,  LeipE..  ISW.  S.  IM.  Fig.  IM.)     gf*,  glandula  si 

Dervus  lingualia;  pc.   papiliie  vallate  ^    [',  nerrus  trigi-mir.-. ,  _ 

iutfrmcdios  et  facialis  ;  J.V.  nervns  glosBopharyngi'us ;  I',,  N.  ofJitliito^  I 
l'„.  N,  maiillariB ;  >',„.  N.  maDdibularis ;  pa.  pts  anH-rinus  ;  h,  N  f"  | 
laria  ;  /><.  fomnen  sl^loniaatoideum  ;  cht,  clionla  tjtnpani ;  itpi.  X.  1^*" 
superflcialis  nuuur:  9'P.  fcanglion  ephpno-paUtinuiu :  g\\  ffii^*''* 
lunarv  <i»eeri  :  t.  eal.  corpus  csUoBUin  ;  fg,  L-ondaction  path  Tor  DW  ■'^  _ 
Gvrebral  curtex ;  lg»,  i-urpura  quadrigFmina ;  h(,  nucleus  lenlifon"'  | 
thaLtniua. 

Concerning  the  existence  of  several  types  of  taste  fw^* 
specific  etmctare  corresponding  to  specific  taste  qiuliti* " 
have  as  yet  no  data,  nor  are  we  informed  at  all  concenunf '^ 
special  nuclei  of  termination  of  the  taste  fibres  in  the  n»'^ 
and  pons  separate  from  the  other  nerve  fibres  of  the  thw  ^ 
Bory  nerves  iDVolved. 
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A  general  scheme  of  the  taste  conduction  paths  has  been 
prepared  by  W.  v.  Bechterew.     It  is  reproduced  in  Fig.  3+9. 

S.  Fodphanl  OUMory  VntnM. 
The  olfactory  neurones  of  the  first  order  extend  from  the 
mucouB  membrane  of  the  nose  to  the  olfactory  bulb.  The  cell 
bodies  of  these  neurones  are,  remarkable  to  state,  situated 
actually  in  the  mucous  membrane  of  the  nose  itself,  thus  dif- 
fering from  all  other  peripheral  sensory  neurones  (in  human 
beings).*     It  had  long  been  known  that  in  the  olfactoiy  region 


Fio.  350,— achpme  of  the  murse  followed  hy  nerve  impulses  in  the  ui&ctory 
apparatus  of  mammalB.  lAfterij.  Rain6n  y  (.^al.  Leti  Douvellea  id|!«s.  eli:., 
Trannl.  by  Aaiula?,  Paria.  ISM.  p.  109,  FiR.  SB.)  A.  olfaetiiry  niucuas  mem- 
brane;  B,  olfactory  glomerulus  in  bultius  olfactorius;  C.  mitral  cell;  O. 
tnctus  olfocbirius;  E,  olfovtury  "  grauulnt"  ;  F,  adjaeent  pyramidal  cells ; 
«.  region  of  Btria  olfactoria  IftlcraliH  ;  j.  colUU'raU  of  the  aioncB  of  the  mitral 
c«lla  in  the  olfsetory  bulb;  H,  eiillattralnof  these  same  aioncs  in  the  traetus 
olfactorius:  L,  wntriliigBl  libre  teiminftting  in  the  huibus  ol&ctorius :  M. 
Gnlfri  celt  of  Type  II  or  deadraionc.  The  arrows  show  the  direction  uf  the 
impulses. 

of  the  nasal  mucous  membrane  cells  of  two  kinds  exist — support- 
ing cells  and  sensory  epithelial  cells,  the  latter  being  delicate 
narrow  cells  provided  with  hairlike  processes  which  project 
slightly  upon  the  macous  surface.     Max  Scbaltze,t  in  1862,  dis- 

*  It  will  thus  be  seen  thu  in  the  nasal  mucnus  membrane  of  human  be- 
ings we  meet  with  a  stoBorj  apparatus  morphological!;'  ver;  siniEIar  to  that 
which  has  been  tlescribeil  in  the  epithelial  surface  of  the  fish  worm. 

t  Schuttze,  M.  UeberdleEndigungsweisederGeruFhsnerren  und  der  Epi- 
thet i»)gebilde  der  Naaensch  lei  mhaut.  Ber.d.  K.  Preiiss.  Akad.  d.  Wtssensch. 
xn  Berlin  (1850).  S.  504-SI4. — Untersuchungen  ueber  den  Ban  der  Nasen- 
Khleimhaut,namentlichdieStructurundEndigungswei?ederGenichsDerren 
beim  Menschen  und  den  Wirbeltieren.  Abhandl.  d.  Naturf.  Geseltsch.  zu 
Halle.  Bd.  tii  (1862).— Das  Epithelium  der  Rieehschleimbaut  des  Menschen. 
CentralbL  t  d.  ined.  Wiseensch.,  Berl.,  Bd.  ij  (I8W).  S.  385-390. 
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covered  that  from  the  proiimal  end  of  each  olfactory  crfl 
olfactory  nerre  fibre  took  its  origin.  The  cbc  of  the  meth^e 
blue  method  by  Ehrlich  *  and  Amstein  f  and  of  Golgi's  metb 
by  Ramon  y  Cajal  J  and  van  Gehoehten  *  haa  proved  beni 


A  glomerulos  olbctoriiu  ftom  a  young  at ;  method  of  Golp.  '^ 


•  Ehrlich.  P.     Op.  eil. 

t  Anuteio.  Die  MethTlenblmnfBrbiuii;  ala  hjstologucbc  Methode.  i^ 
Am..  Jena,  Bd.  ii  (1887).  S.  18S-1S5. 

t  Ramdn  j  Cajal.  S.  Origen  t  terminacidn  de  las  Bbras  nerrjn*!  it 
toriis.    Qac.  san.  de  BamL  (1800). 

*  vat)  (iehuchteD,  A.  Contribatiini  1  I'^ode  de  la  mnqneiur  oIEKf' 
uhei  lea  uuuuioiKree.    Celtole.  Ltem  et  Louvain  (1W1). 
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doubt  that  the  olfactory  nerve  fibres  really  represent  the  axooes 
of  the  cell  bodies  situated  in  the  nasal  mucous  membrane.  The 
short  hairlike  processes  of  these  cells  represent  the  dendrites 
{Fig.  350). 

The  nerve  fibres  which  end  free  in  the  mucous  membrane  of 
the  nose  independent  of  olfactory  epithelial  cells  probably  be- 
long to  the  nervus  trigeminus,  and  have  nothing  directly  to  do 
with  the  carrying  of  olfactory  impulses. 


The  axones  of  the  olfactory  neurones  are  non-meduUated. 
?hey  pass  through  the  cribriform  plate  of  the  ethmoid  bone  in 
'Qodles  (Xn.  olfactorii)  to  the  olfactory  bulb  which  they  enter.* 
lere  they  terminate,  as  Golgi  first  proved,  by  free  end-arboriza- 
ions  in  the  so-called  olfactory  glomeruli,  coming  into  manifold 
ontact  inside  them  with  the  large  dendrites  of  the  mitral  cells 


*  For  interesting  data  concerning  accurate  measurements  in  the  doinftin 
r  the  bulbus  and  tractUB  olfactorjus.  Ihe  reader  is  referred  to  the  article  bf 
I.  H.  Donaldson  and  T.  L.  BoUon.  The  Size  of  Several  Cranial  Nerves  in 
Ian  as  Indicated  by  the  Areas  of  their  Cross  Sections.  Am.  J.  Psjchol., 
PorcesUr,  vol.  iv  (ie9t-'93).  pp.  224-3S8. 
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of  the  olfactory  balb  which  are  ultimately  distributed  in  these 
structures.  The  mitral  cells  and  brush  cells  of  the  olfact(^ 
bulb  represent  olfactory  neurones  of  the  second  order  and  will 
be  described  subsequently.  The  endings  of  the  Nn.  olfactorii 
are  well  shown  in  Fig.  351.  The  dendrites  of  the  mitral  celk 
are  not  impregnated.  The  exact  area  of  nasal  mucons  man- 
brane  concerned  in  the  sense  of  smell  is  much  smaller  tJn& 
many  have  believed.  Thus,  the  studies  of  the  late  von  Bnmn* 
have  shown  that  the  olfactory  region  is  limited  to  a  relatirdj 
small  part  of  the  superior  turbinated  bone  and  the  adjacent 
region  of  the  nasal  septum.  The  area  in  each  nostril  gitiutcd 
at  the  very  top  probably  does  not  exceed  in  extent  more  thin 
two  and  a  half  square  centimetres.  Von  Brunn  in  the  coune 
of  his  careful  measurements  found  in  one  case  that  the  olfac- 
tory epithelium  extended  in  the  right  nasal  cavity  over  a  sur- 
face of  257  square  millimetres.  In  a  second  case  the  distribo- 
tion  amounted  to  238  millimetres  (Fig.  352). 


*  von  Brunn,  A.  Beitrfige  zur  mikroeikopischen  Anatomie  der  manA- 
lichen  NasenhShle.  Arch.  f.  uiikr.  Anat.,  Bonn,  Bd.  xxxix  (1892),  S.GI- 
651. 


8.  Periphtral  Yitnal  K«uonM. 

CHAPTER  XXXVIL 

THE   PERIPHERAL  VISUAL   NEURONES   AND  THE    STRUCTURE   OF 

THE   RETINA. 

Older  studies  of  the  retina — Its  lamellation — Studies  of  Tartuferi,  Ram6n  y 
Cajal,  and  Dogiel — Golgi  preparations — The  rod  cells  and  cone  cells — 
The  bipolar  cells — The  ganglion  cells  and  optic  nerve  fibres — Superim- 
position  and  interrelations  of  the  retinal  elements — MQller's  fibres — 
The  amacrine  cells— The  horizontal  cells — Comparison  of  the  peripheral 
visual  neurones  with  other  peripheral  centripetal  neurones — Von  Len- 
hossek's  study  of  the  cephalopod  eye — Reduction  of  elements  in  the 
visual  conduction  path. 

« 

Visual  Neurones, — The  peripheral  sensory  neurones  con- 
cerned in  the  sense  of  sight  are  situated  in  the  retina.  The 
older  ideas  of  the  structure  of  the  retina  which  most  of  us  were 
taught  in  the  medical  schools  were  extremely  complex,  and  the 
memorization  of  the  exact  position  and  appearance  of  the  vari- 
ous layers  of  this  membrane  was  by  no  means  easy,  since  the 
intraretinal  relations  and  connections  of  the  elements  were  en- 
tirely obscure. 

It  will  be  recalled  that  externally  next  to  (1)  the  layer  of 
hexagonal  pigment  cells  were  situated  (2)  the  layer  of  rods  and 
cones.  Then  followed,  passing  inward,  (3)  the  outer  nuclear 
layer.;  (4)  the  outer  molecular  layer;  (5)  the  inner  nuclear 
layer ;  (6)  the  inner  molecular  layer ;  (7)  the  layer  of  nerve 
cells,  and,  lastly,  (8)  on  the  inner  surface  of  the  retina,  the  layer 
of  nerve  fibres.  These  various  layers  were  easy  to  make  out  in 
preparations  stained  with  ordinary  nuclear  dyes  (Fig.  353),  but 
as  to  what  the  individual  layers  meant,  and  to  exactly  what  cells 
the  various  nuclei  and  processes  belonged,  there  was  much  dis- 
agreement. 

Instead  of  this  unintelligible  classification  based  simply  upon 
staining  appearances  and  without  any  rational  interpretation  as 
regards  the  internal  connection  of  the  elements,  the  newer  studies 
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of  Tartuf eri,*  Ram6n  y  Cajal,t  Dogiel^  and  others  have  taoght 
us  what  these  various  layers  mean.  If  one  will  compare  Fig.  3^3 
with  the  silver-picture  of  the  retina  (Fig.  354),  the  enormoog 
simplification  which  has  resulted  from  the  application  of  Golgi^s 
method  to  the  study  of  this  membrane  wiU  be  immediately  ap- 
parent. The  silver  chromate  method  shows  that  in  the  retina, 
in  addition  to  certain  more  complex  relations  which  exist,  three 
very  distinct  sets  of  cells  are  superimposed :  (1)  The  cells  to 
which  the  rods  and  cones  belong ;  (2)  the  bipolar  ceUs ;  (3)  the 
ganglion  cells  of  the  retina.^  Comparing  the  old  classificatjoo 
with  the  present  simple  scheme,  it  will  be  seen  that  the  out^ 


*  Tartuf  eri,  F.  Sull'  anatornia  della  retina.  Arch,  per  le  se.  med.,  Torino, 
vol.  xi  (1887),  pp.  335-358 ;  and  in  the  Intemat  Monatschr.  f.  Anat  o.  Phj- 
siol.,  Leipz.,  Bd.  iv  (1887),  S.  421-441. — Sulla  istologia  della  retina.  Ann.  di 
ottal.,  Pavia,  vol.  xvi  (1887-'88),  pp.  474-476. 

f  Ram6n  j  CajaL,  S.  Estructura  de  la  retina  de  las  aves.  Bev.  tiimes. 
histol.  norm.,  etc.,  Madrid,  Xos.  1  j  2,Ma70,  1888. — Sur  la  morphologieecb 
connexions  des  elements  de  la  retine  des  oiseaux.  Anat.  Anz.,  Jena,  Bd  it 
(1889),  S.  111-121. — Pequefias  contribuciones  al  conociniiento  del  sistou 
nervioso.  111.  La  retina  de  los  batracios  y  reptiles,  Agosto  (1891).— Noitf 
preventivas  sobre  la  retina  j  gran  simpatico  de  los  mamiferos.  Baiceloa 
Die,  1891. — La  retina  de  los  Telosteos  y  alcunas  observaciones  sobre  la  de  k» 
vertebrados  superiores,  Madrid,  1892. — El  nuevo  concepto  de  la  histologiidi 
los  centres  nerviosos.  Rev.  de  cien.  m^  de  BarceL,  vol.  xviii  (188^),  p^ 
361-376 ;  457-476,  etc.— La  retine  des  vertebras.  Cellule,  Lierre  et  Lonviis. 
t.  ix  (1894),  pp.  121-246.— Neue  Darstellung  vom  histologischen  Ban  ^ 
Central nervensystems.  Arch.  f.  Anat  u.  Physiol.,  Anat  Abth.,  LeipL(lM 
S.  319-428. — Die  Retina  der  Wirbelthiere.  Untersuchungen  mit  der  (jclfi- 
Cajal*8chen  Chromsilbermethode  und  der  Ehrlich'schen  Methylenblaailrb- 
ung.  In  Verbindung  mit  dem  Verfasser  znsammengestellt,  nebersetzt,  and 
mit  Einleitung  versehen  von  R.  Greef,  Wiesbaden  (1894). 

t  Dogiel,  A.  S.  Ueber  das  Verhalten  der  nervSsen  Elemente  in  der  B^ 
tina  der  Ganoiden,  Reptilien,  VOgel,  und  Sftugethiere.  Anat  Ant,  Jesi 
Bd.  iii  (1888),  S.  133-143.— Ueber  die  nervOsen  Elemente  in  der  Netxhaat  drf 
Amphibien  und  Vogel.  Ibid.,  Bd.  iii  (1888),  S.  342-847.— Ueber  die  nerr&ea 
Elemente  in  der  Retina  des  Menschen.  Arch.  f.  mikr.  Anat,  Bonn,  BA 
xxxviii,  S.  317-344.— Ueber  die  nerv5sen  Elemente  in  der  Retina  de 
Menschen.  Arch.  f.  mikr.  Anat,  Bonn,  Bd.  xl  (1892),  S.  20-38.— Zar  fi^ 
ueber  den  Bau  der  Xervenzellen  und  ueber  das  Verhflltniss  ihres  Aehaeoerl- 
inder-(Kerven)-Fortsatzes  zu  den  Protoplasmaforts&tzen  (DendritenV  A"^ 
f.  mikr.  Anat,  Bonn,  Bd.  xli  (1893),  S.  62-87.— Neuroglia  der  Retini  <b 
Menschen.  Arch.  f.  mikr.  Anat,  Bonn,  Bd.  xli  (1893),  S.  612-623.— ZnrFi^ 
ueber  das  Verhalten  der  Nervenzellen  zu  einander.  Arch.  f.  Anat.  u.  Pk^ 
Biol.,  Anat  Abth.,  Leipz.  (1893),  S.  429-484. 

^  For  one  ganglion  cell  there  are  about  one  hundred  rod  and  cone  oik 
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naclear  layer  corresponds  to  the  nuclei  of  the  cells  whose  distal 
procesBes  represent  the  rod^  and  cones,  while  the  inner  naclear 


Flo.  353.— Transverae  nertion  throngh  the  retina  of  niftii.  (Sth^mslic,  afur  M. 
Scbultzr.  M)  niudiSi-d  by  G,  Schwallx'.  Lrhrhuch  dt'r  Aimtoiuie  dor  SinncHur- 
gant.  Erlanevn.  18S5.  S.  BS.  Fig.  48.)  1,  margu  litnituns  iiiU'mug;  i.  layer 
of  nerve  fihrtu:  ,*,  laytr  of  p>nt;1ion  wlU;  i.  inh-rnal  n'licnlar  layer;  S, 
internal  sranalar  layer  ;  a.  Bpon^iiuhlaBta :  6.  ri'lls  of  the  ganRlion  n^tinip ;  r, 
nuclei  of  Miillcr's  radial  fihren ;  C,  eitenial  n-ticular  layer ;  7-9,  layer  of  visual 
rella;  7.  their  nuclei  (cxlenial  Kianular  layer) :  S,  menihmna  limitans  ei- 
terua ;  fl,  rods  and  tunes ;  rf,  zone  of  the  eilernal  f-mnular  layer  free  froni 
nuclei  (Henle'Bextpnuil  fibre  layer):  r.  inner  litnhs  of  rods;  /.  outer  linibd 
uf  rodB;   10,  pigment  epithelium  ;  r,  wedge  of  Hiiller's  fibres:  r*,  MJiller's 

layer  corresponds  to  the  nuclei  of  the  bipolar  cells.  The  outer 
molecular  layer  represents  the  region  of  contact  or  concrescence 
relation  between  the  proximal  processes  of  the  rod  and  cone 
cells  and  the  distal  processes  of  the  bipolar  cells,  while  the  in- 
ner molecular  layer  corresponds  to  the  region  in  which  the  ter- 
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nunals  of  the  proximal  procesaea  of  the  bipolar  cells  enter  into 
contact  or  conoreacence  relation  with  the  dendritoB  of  tlit 
ganglion  cells  of  the  so-called  "  layer  of  nerve  cells."  The  hjtt 
of  nerve  fibres  represents  the  aiones  arising  from  the  cell  bodiei 


Fio.  3B4.— Scht-mcoftheBtnictureof  the  retina.  (AfUrS.  KamAn  7  ftjil- ^ 
Ketioa  der  Wirbelthiere,  Uebersetz.  v.  Gretff,  Wiisb.,  1894.  B.  17,  Fit! 
A,  layer  of  rods  and  coneg :  B.  bodies  of  visual  icIIh  (eiUrnal  nnclarliT" 
C.  eitemalpleiiform  layer;  E.  layer  of  bipolar  cells  (iut<Tiialnacl»rlir< 
F,  internal  pleiifonn  layer;  G.  layer  of  gangliun  celU;  H.  layer  of  wi" 
fibr™;  a,  nida;  b.  confs;  f.  bipolar  (rod)  cells ;  /.  bipolar  (roiietw"  ' 
lower  branching  of  bipolar  (rod  1  cells  ;  r,,  lower  branehiDg  of  bijuiir  Ini 
cells ;  B.  fc,  t.  fc,  gnnKlion  cells  branching  in  different  layers  of  llw  ut™ 
pleiiform  lone;  jr.  contact  between  the  rods  and  the  bipolar  (rod  I  itl":- 
contBct  between  the  conea  and  the  bipolar  (eoac)  cells;  (,  Muller'snlit. ' 
centrifugal  nerve  fibre. 

in  the  "  layer  of  nerve  cells."  These  aionee  pass  over  the  iBn" 
snrface  of  the  retina  to  reach  the  blind  apot  of  the  eye  ^t"" 
they  penetrate  through  the  whole  retina  and  make  np  thec»- 
atituent  fibres  of  the  optic  nerve.  The  nerve  fibres  of  the  '^' 
nerve  undergo  partial  decussation  with  those  of  the  oppoei' 
side  in  the  optic  chiasm,  and  pasa  through  the  optic  tractit>' 
terminate  in  the  corpora  quadrlgemina,  lateral  geniculate  bodit^ 
and  pulvinar  of  the  two  sides  (Fig.  355). 

These  three  sets  of  elements — the  rod  and  cone  cell*.  * 
bipolar  cells,  and  the  ganglion  cells — represent  the  priMq* 
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)gical  constituents  of  the  retina.  There  are,  however^ 
ther  elements  present  in  this  membrane  which  must 
oned,  though  their  relations  to  the  principal  elements^ 
ly  have  been  carefully  studied,  are  not  yet  satisfactorily 
od.  These  are  (1)  the  so-called  Miiller's  fibres  (spongio- 
His),  which  correspond  to  the  ependymal  framework 
inal  cord  and  brain ;  (2)  the  so-called  amacrine  *  cells 
1  y  Cajal  (also  sometimes  called  spongioblasts),  which 
the  inner  molecular  layer,  and  which  appear  to  be 


T«a^»«l  f*t^<»» 


Scheme  of  visual  conduction  path.    Lettering  same  as  for  Plate  XI, 

Fig.  1. 

;  and  (3)  the  horizontal  cells,  outer  and  inner,  of  the 
lecular  layer. 


*  a  privative,  luucpos  long,  and  ivot  fibre. 
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FlO.  356.— Epithelial  wllg  (Miiller's  fibres)  of  the  r 


..     _.,  (Aft*rS.Hi»« 

(lyul,  Die  Ri^tina  der  Wirbelthiorc.  lebprai'ti.  t.  Greeff.  Wiesk.  IIM.  W 
vi.  Fifw.  1  and  2. )  A,  Miiller-s  fibrea  from  the  retiim  of  the  trvf.t."^ 
nitl  iiui'lrar  layer:  *,  external  pli-iiromi  laytr;  r.  internal  nO(l»r  hnr 
d,  layer  of  »pon|[ioblaslB ;  r,  internal  pleiiform   layer  ;  /,  lajer  of  pui» 


Fll>.  357.— A  section  thronsh  the  retinn  of  an  adnll  do([.    'After  ^ 
(^»l.  Die  Retina  der  Wirbelthiere.  rebcrseti.  v,  firrelT,  Wi 
Fig.  3.)    a.  t-one  fibre :  b,  granule  and  fibre  of  a  n>d 
'  — -*-  *--'[>nginjr  to  the  rods;  e,  Lipolai 


IWLTi 


Bsrendinti  end-bniKh  belonginfi  to  the  rnds:  r,  Lipolar  eell  with  fdI-''*' 
spread  out  Hatbe  loneinj;  to  the  cones ;  /,  giant  bipolar  cell  with  ""'.■''^ 
spread  out  flat ;  K.  difflwe  amaerine  cell,  the  mriniHe  branrhes  of  wbri 
for  the  most  part  directly  upon  the  gaOK^'on  cella;  i.  aacendini  nrrvrin' 
j.  centrifu»tl  fibres;  f?  and  a',  special  cells  which  are  very  larelT  iW  , 
nated;  a,  Ksnitlion  cell  which  re<viveit  the  end-bniHh  oral>ip<>Urrri1<l(«r 
for  the  mdH ;  m.  nerve  flbn?  which  becomes  lust  in  the  inlcnul  ;)»^ 
layer;  p.  nerve  flhra  of  the  optic-Sbre  layer. 
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The  shape  of  Miiller'g  fibres  ig  shown  in  the  accompanying 
re  (Fig.  356).  It  is  not  improbable  that  they  represent  aup- 
:ing  cells. 

The  anaxones  (amacrine  cells)  represent,  in  all  probability, 
^hanisms  for  correlating  the  activities  of  the  different  neu- 
;s  (bipolar  cells  and  ganglion  cells)  with  which  they  come 
I  relation  in  the  inner  molecniar  layer.     Since  it  is  exactly 


858.— Nerve  CpIIk  of  the  retiiiB  of  the  ox,  stained  with  methylene  Hue ; 
■ni'thod  uf  Ehrlivh-Dogiel.  (After  S.  Rain6n  y  (.^al,  Die  Retina  der  Wir- 
belthicre,  Uebemuti.  v.  Giwtr.  Wienb..  ISfti,  Tnf  vli  Kia.  ».)  This  flgure 
nhnws  the  eitenuil  or  Hmikll  horiwintal  cvlia.  a.  eell  body  containinB  veiy 
tDtrime  blue  spota:  b.  ver;  fine  and  much-bianchcd  dendtiten;  c.  aionex 
without  viaible  collatenils  ;  d.  Eiingle  aiis  cylinders  whieh  often  hrunrh  and 
which  probably  arise  from  the  large  or  internal  horizontal  eella. 

their  neighborhood  in  the  retina  that  the  few  centrifugal 
'M  of  the  optic  nerve  terminate,  it  is  not  impossible  that  the 
Dence  exerted  by  the  cerebral  centres  upon  the  retinal  activi- 
is  mediated  by  these  cells  (Fig.  357). 
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The  horizontal  cells  of  the  outer  molecular  layer  can  lie 
divided  into  two  groups — an  external  group  {cellule  snperfiadi 
di  grandezza  media  of  Tartuferi)  and  an  internal  set  (large 
superficial  cells  of  Tartuferi,  large  and  small  stellate  cells  d 
Dogiel). 

The  external  horizontal  cells  are  very  numerous,  and  haie 
long  diverging  dendrites,  which  spread  out  to  form  a  thick 
plexus  (Fig.  358).  Their  axones  are  extremely  delicate  ud 
difficult  to  find,  but  are  described  by  Bamon  y  Cajal  as  comiof 
off  usually  from  a  dendrite.  The  axones  and  collaterBls  tre 
distributed  in  the  superficial  portion  of  the  enter  molecok 
layer. 

The  inner  horizontal  cells  (Fig.  359)  are  of  two  sorts:  («) 
Those  with  descending  dendrites,  and  (b)  those  without  de- 


Flu.  399l— A  perpemlieolar  section  t&nm^Kh  tli«  retiita  of  tli«  ox.  Afters- 
Kluftoii  y  CaOal  Dise  B«;ciaifcd«;r  Wlrbeltlin?«.  Uebenetx.  t.  Ore^C  Winh^  1*^ 
Tui*  vu  Fijc.  \:i.)  a.  Latemal  kiraoafifti  cell  witb  descending  prom;^ 
^ttkufcbtrr  ct^ll  of  the  sanw  mH  wikbuvt  descending  pioeesB ;  c.  nitzaUhap^ 
aiuacrme  ct^tl  with  tw«»  W»Dcbc»  which  go  in  oppo«t«  dij«?ctioBs:  i^ 
axuaeriuc  cv li  for  th«  fi>ujrth  sab-4a7vr ;  «»  small  ganirlioQ  cell  which  kiackes 
in  the  ^second  sutKlaver  :  t\  {h  h,  i,j,  diifi*rent  t3rpes  of  neoiofdUa  crib;  LB' 
tersticiiU  amnieriiie  cell  which,  bcaoches  chiefiy  in  two  sob-Iajexs. 


seeudijig  dendrites.  The  axones  of  the  cells  with  descending 
deudrite»  are  very  thick  and  long  and  deToid  of  eolht^ 
According  to  Pogiel^  these  axones  descend  in  order  to  enter  tk 
layer  of  optic  uerve  fibresv  a  Tieir  denied  by  Bamon  y  Q^y^ 
who  tiiidi^  that  thev  are  distributed  to  the  external  molecnlir 
layer  itself.  The  axones  of  the  inner  horizontal  cells  without 
deseeuding  dendrites  are  also  thick  and  mn  borixontalljf^* 
coii8idt»rable  dit^tarice.  It  seems  probable  that  the  functioB  •»' 
the  horLfioaUd  eellj>  of  both  sets  (oater  and  inner)  is  tote 
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into  relation  definite  groups  of  rods  with  other  definite  groups 
lying  at  a  distance. 

The  question  at  once  arises,  Which  of  the  elements  mentioned 
are  to  be  looked  upon  as  the  peripheral  visual  neurones  analo- 
gous to  the  peripheral  spinal  centripetal  neurones  and  to  the 
peripheral  olfactory  neurones?  This  question  is  not  so  easily 
decided,  and  is  made  more  complicated  by  the  fact  that  the 
whole  retina  arises  embryologically  {vide  Section  IV)  from  the 
central  nerve  tube,  and  not  from  a  separate  basis,  as  do  the 
spinal  and  cerebral  ganglia.  I  prefer,  though  this  opinion  may 
not  be  shared  by  all,  to  look  upon  the  bipolar  cells  of  the  retina 
as  the  analogues  of  the  spinal  ganglion  cells ;  their  distal  pro- 
cesses are  then  comparable  to  the  afferent  fibres  in  the  periph- 
eral spinal  nerves,  and  their  proximal  processes  to  the  axones  of 
the  fibres  of  the  dorsal  roots.  The  rods  and  cones  would  then 
correspond  to  differentiated  epithelial  ependymal  cells*  with 
which  the  peripheral  processes  of  the  bipolar  cells  come  in  con- 
tact, just  as  the  so-called  neuro-epithelial  cells  of  the  taste  buds 
in  the  tongue  stand  in  contact  relation  to  the  peripheral  fibres 
of  the  glossopharyngeal  and  other  cerebral  nerves,  or  as  the 
Tasfzellen  of  Merkel  are  related  to  the  peripheral  processes  of 
spinal-ganglion  cells.  The  axones  of  the  bipolar  cells  would 
find  their  "  nuclei  of  termination  "  in  the  outer  molecular  layer 
and  in  the  ganglion  cell  layer  of  the  retina ;  the  latter  would  be 
analogous  then  to  the  gray  matter  of  the  spinal  cord  and  me- 
dulla (of  the  general  spinal  sensory  paths),  to  the  nucleus  alaa 
cinerese  and  nucleus  tractus  solitarii  (of  the  gustatory  con- 
duction path),  and  to  the  olfactory  bulb  (of  the  olfactory  sen- 
sory conduction  path).  This  would  make  the  ganglion  cell 
layer  of  the  retina,  the  optic  nerves,  and  the  optic  tracts  parts 
of  the  central  nervous  system.  The  optic  nerve  is  then,  in  a 
sense,  not  a  peripheral  nerve.  Inasmuch,  therefore,  as  we  are 
here  considering  only  the  sensory  neurones  of  the  first  order, 
the  optic  nerve  and  its  course  and  termination  will  be  described 
when  the  sensory  neurones  of  higher  orders  are  considered. 
It  is  only  fair  in  conclusion  to  state  that  the  recent  studies  of 


•  This  view  is  all  the  more  enticing  in  that  recent  studies  tend  to  show 
that  the  outer  limbs  of  the  rods  and  cones  represent  structures  formed  of 
the  cilia  of  the  ependymal  cells  coiled  up  and  glued  together.  Cf.  Krause, 
W.  Uebersicht  der  Kenntnisse  vom  Bau  der  Retina  im  Jahre  1895. 
Schmidt's  Jahrb.,  Leipz.,  Bd.  ccxlix  (1896),  S.  96;  201. 
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M.  von  Lenhossek*  make  it  extremely  probable  that  the  rod 
and  cone  cells  in  some  animals  are  really  true  peripheral  visual 
neurones  (Fig.  360).  If  this  be  true,  then  the  bipolar  cells  of 
the  retina  must  in  such  animals  be  regarded  as  visual  sensory 
neurones  of  the  second  order.  There  is  no  objection,  so  far  as 
I  know,  to  considering  the  rod  cells  and  cone  cells  of  the  retina 
of  human  beings  as  actual  neurones.  No  analogous  cell  is,  how- 
ever, existent  in  the  olfactory  mucous  membrane. 

In  mammals  two  kinds  of  bipolar  cells  {arbitrarily  speaking^ 
optic  neurones  of  the  first  order)  occur :  (1)  bipolar  cells  for  the 
rods,  with  vertical  end-tufts,  which  enter  into  conduction  rela- 
tion with  the  terminal  spherules  of  the  rod  cells,  and  (2)  bipolar 
cells  for  the  cones,  the  dendrites  of  which  form  end-tufts,  which 
lie  in  a  deeper  plane  than  those  for  the  rods ;  these  end-tufts 
enter  into  conduction  relation  with  the  terminal  bulgings  and 
fibrillae  of  the  cone  cells.  The  bipolar  cells  nearly  always  come 
into  conduction  relation  with  several  of  the  rod  cells,  or  of  the 
cone  cells.  The  number,  however,  varies;  while  one  bipolar 
cell  may  stand  in  relation  to  only  a  few,  another  may  be  in  a 
position  to  receive  impulses  from  a  great  many.  In  the  fovea 
centralis,  where  the  number  of  cone  cells  is  enormous,  the  indi- 
vidual cones  are  very  delicate,  and  the  basal  swelling  of  each 
cone  comes  into  contact  exclusively  with  the  dendritic  tuft  of 
a  single  bipolar  cell. 

*  von  Lenhossek,  M.    Histologische  Untersuchungen  aus  Sehlappen  der 
Cephalopoden.    Arch.  f.  mikr.  Anat.,  Bonn,  Bd.  xlvii  (1896),  S.  45-120. 


Fio.  380.— Schematic  representation  of  the  structure  of  the  retina  and  visual 
lobe  of  Eledone.  (After  M.  von  Lenhoes^k.  Arch.  f.  mikr.  Anat,  Bcmn,  Bd. 
xlvii,  1896,  Tftf.  viii.)  In  the  retina  only  a  few  visual  cells  are  represented. 
Such  a  cell  consists  of  a  distal  prolongation,  the  "  rod  apparatus,"  and  of  the 
actual  nucleated  cell  body.  The  latter  gives  off,  at  least  in  some  cases,  at  its 
basal  extremity  some  short  protoplasmic  fibrils.  Every  c«ll  is  continuous 
with  a  nerve  fibre,  which  passes  as  a  "retinal  fibre"  after  perforating  the 
cartilaginous  sclera  to  the  visual  lobe.  In  the  latter  it  ends  in  the  region  of 
the  plexiform  layer,  partly  in  its  external  plexus  with  a  delicate  fibrillary 
arborization,  partly  through  a  descending  branch  on  the  external  limit  of 
the  internal  horizontal  plexus.  In  the  external  grannie  layer  there  are 
three  varieties  of  cells :  The  superficial  large  cells,  2  Ja) ;  the  larger  external 

ganules,  2  (b);  and  the  smaller  external  granules.  3  (c).  In  the  plexiform 
yer,  the  autochthonous  elements  only,  the  glia  cells,  S  (d),  are  represented. 
Of  the  elements  of  the  internal  granular  layer  (5.  5,  .5),  the  cells  5  (<»)  cor- 
respond to  the  smaller,  the  cell  5  (/)  to  the  larger  variety  of  internal 
grannie  cells.  Their  axones  go  down  into  the  medullated  substance  to  end 
therewith  free  ramifications  (hypothetical).  In  the  medullary  layer  the 
cells  are  of  the  ordinary  type  (6,  6, 6) — that  is,  cells  with  descending  axones, 
of  which  there  are  smaller,  6  {g\  and  larger,  6  (h),  examples.  The  cells, 
4  (^>,  represent  the  rarer  form — namely,  the  cells  with  ascending  axones; 
finally,  at  the  bottom,  is  shown  a  very  large  giant  cell,  7  (i),  which  sends  its 
axone,  as  do  most  of  the  cells  in  the  medullary  layer,  into  the  peduncle. 


CHAPTER   XXXVIIT. 


The  nervus  cochle»— Oiuiglion  spirale — The  cochleftr  root  of  the  ufoar 
nerve — Peripheral  processes  and  the  organ  o(  Corti — Centnl  Mono- 
Nuclei  of  termination — Bifurcation  of  aiones — Terminals  anil  coUaloiik 

4.    Tlu  Fniphnal  Aoditoiy  KmnaM. 

The  peripheral  neurones  of  the  auditory  paths  are  lim 
which  enter  into  the   forination  of  the   radix  cochleuis  S. 


Flo.  3B1. — The  IshyrlnthuB  membTsnareiin  of  the  right  internal  (■ar  of  ■  In" 
emhrvoal  the  fifth  mouth,  seen  from  the  lui-dial  Hdr,     ( After  B.  Bti«»  ■ 
slightly  miidillcd   by  A.   Rauber.)     IS.  utrirulus ;    »    nresMU  olrinli . 
mafula  acustica  utriruli ;   4,  anus  piielorior;   5,  sinns  aupi-riiir:  (.f^-' 
mcnibraiiacea  siijieririr;  '.  ampulla  memhranai-en  lateralis ;  S.  ampiiUi''' 
hranacea  posterior;  H,  ductus  aemicireularis  superior:  J(»,  ilurlm  « 
cnlariBpiiKterior;  /(.  durtun  semieircuhiriH  IbHtbIL-i;  It.  wideiird  n" 
rrun  simplex  of  the  lab'nil  wmirireular  raual  opening  into  the  ulnnif" 
sareuluii;    H.   macula  aenatica  saeculi  1    IS,  ductDe  pndolymplulHv 
ductus  utriculnwenlaris :   IT,  ductus  reunions :    IS.  necum  v<Wit"^" 
ductUH  mchlearis:  19.  ductus  cnchlcaris;^,  N'.  facialis;  il-ii.  .V« 
II,  S.  vmtiliuli;  ?i,  N.  saccularis ;  3^.  N.  ampullaris  inferiiir;  ;(. 
loe ;  SS,  distrihatlon  uf  X,  cochleip  within  the  lamina  ipiralb  av- 
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acustici,  or  so-catled  nervus  cochlese*  (Fig.  361),  The  cell 
boding  are  situated  in  the  gaDglion  spirale*  (ganglion  of  Corti) 
which  lies  in  the  bony  cochlea  f  (Fig.  3G2).     These  cells  remain 


FlO.  362. — Sectinn  thn>UKh  the  cochlrar  reKion  of  the  lahyrnithus  oeseiw  t  mem 
hrannceuB  urn  guinen-pig.  lAftrrA.  A.  Boehn  nnd  U  n  Dav  duff  Lihr 
)iuch  dcr  HiHtologie  lira  Menwhen.  etc  W  esb  1S95  -4  3«2  F  g  J43  )  I 
Hrala  vmtjbuli :  m.  labium  vt-stihulare  of  the  1  mbux  h  sulcns  tip  ra  h  o, 
medalUted  peripheral  fibre*  arising  from  celU  in  the  ga  g  n  np  rale  and 
being  diatribulnl  to  the  oi^non  apitale  ((«rt  p  pinkaryon  n  the 
ganiclion  Hpirale  ;  4.  bliiud-vefiwl ;  a.  none  h  membiana  Ht  bularu  Re  Ht- 
neri) ;  De.  ductun  rnrhlcaris  ;  d.  Curti's  membrane  /  pnm  nent  a  up  ralis 
h.  ligamentnm  iqiiralc  corhlcK  ;  J.  lamina  box  laris    it  erala  tympan 


*  There  is  no  proof  that  in  higher  animals  the  neurones  of  the  nervus 
vestibuli  are  concerned  with  impulses  which  have  to  do  with  the  perception 
of  Bound. 

fSala.  h.  (Sur  I'origjne  du  nerf  acousttque.  Arch.  ital.  de  biol.,  Turin, 
t,  xvi  (I891-'»2),  pp.  196-207),  believes,  in  agreement  with  Onufrowic-z.  that 
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bipolar  {vide  supra)  throughout  life  (Fig.  363).  The  peripb- 
eral  processes  run  out  to  end  free  without  manifold  bnmchiof 
in  among  the  epithelial  cells  of  the  spiral  organ  of  Corti  (Ret- 


EE 


CF. 


Fig.  363. — Two  bipolar  cells  from  the  ganglion  spirale  cochleie  of  a  yoang 
Method  of  Golgi.     (After  M.  von  Lenhoesek,  Anat.  Hefte,  Wicsb.,  Bi  iii 
H.  ix,  1893»  Tsit  xiii.  Fig.  1.)    P.F.,  peripheral  process;  C.F,, ceniniam 

zius,*  van  Gehuchten  f )  inside  the  ductus  cochleas  J  (Fig.  364). 
The  medullated  central  prolongations  or  axones  of  these  ceO? 
massed  together  make  the  nervus  cochleaB  (posterior  lateral  or 

many  of  the  cell  bodies  of  the  peripheral  auditory  neurones  are  sitoatc*^  s 
the  ventral  cochlear  nucleus,  but  this  view  has  not  been  supported  by  »k- 
sequent  investigators. 

♦  Retzius,  G.  Die  Endignngsweise  des  Geh5menren.  Biol.  UntersadL 
Stookholm,  n.  F.,  Bd.  iii  (1892),  S.  29-86. 

t  van  Gehuchten,  A.  Contribution  k  Tetude  des  ganglions  e^rftw* 
spinaux.    Cellule*  Lierre  et  Lou  vain,  t.  viii  (1892),  p.  226. 

t  The  nervus  sacculi  with  peripheral  distribution  in  the  macula  aeof^ 
9accuU  is  a  branch  of  the  nervus  cochlee. 


GBOUPING  AND  CHAINING  TOGETHER  OP  NEURONES.      547 

cochlear  root  of  the  nervus  acugticng).  They  pass  into  the  cen- 
tral nerrons  system  at  the  junction  of  the  mednlla  with  the 
pons,  and  enter  into  relation  with  definite  masses  (mainly  the 
nucleus  >'.  cochleie  ventralis,  and  the  nucleus  N.  cochlese  dor- 
salis,  nueleuB  tnbercuU  acustici)  of  gray  matter  in  which  are 
situated  the  cell  bodies  and  dendrites  of  large  numbers  of  sen- 
sory neurones  of  the  second  order. 

The  cochlear  nerve  as  it  enters  the  rhombencephalon  passes 
dorsalward  and  spinalward  lateral  from  the  corpus  restiforme 
into  the  medial  side  of  the  large  nucleus  nerri  cochlete  ven- 
tralis, in  which  a  large  number  of  its  fibres  terminate  {Fig. 
365).  A  bundle  of  considerable  size,  however,  can  be  followed 
in  Weigert-Pal  preparations  as  far  as  the  nucleus  nervi  cochlete 


FiO.  364, — Spiral  organ  of  Corti  of  the  ductiiit  i^uchleAris  in  transvcnK  or  nulial 
Bcction.  (AftcrO.  Betaiiisfrom  A.  Raubcr'n  tpifrbook,  1898,  8.818,  Fig.  743.) 
re.  medullated  diirtal  prorcsse*  nf  bipolar  nerve  rells  in  gmiglioii  gpinile; 
/,  foramen  nervosum  in  labium  ts^npanicnm  givinn  pttHeage  Ut  a  bundle  of 
the  fochlrar  nerve  fihreB ;  lb.  tympanal  cuvering  of  lamina  baHilariii ;  ti.  vas 
■piislp  ;  i.S,  internal  supporting  cells  whtl-h  on  the  left  aide  are  rontlnunua 
with  the  epithelium  of  tbe  sulcus  npiialis ;  p,  internal  pillar  with  an  inner 
basal  cell  fh)  next  to  it:  p'.  external  pillar  with  its  eitvmal  bssal  cell,  b';  I, 
t,  S.  Deitajis'  nipporting  cells  with  phalangeal  procesten  arriving  at  the  «ur- 
fore  uf  <;orti's  organ,  there  attached  to  the  Umina  n^ticularis,  r  ;  H,  Hen.sen'H 
supporting  cellB  which  dimininh  in  height  toward  the  right  side  of  the 
tgOTB  and  are  eontinuouB  with  C.  the  cells  of  (Hauilius :  k.  epithelial  cells  of 
the  so.called  "layer  of  gntnnles"  ;  i.  internal  hair  cell,  the  upper  end  of 
which  i»  hidden  by  the  head"  of  the  internal  pillar;  t .  hairs  of  internal 
hair  cell ;  (,  external  hair  cell ;  / .  / ,  e' ,  hairs  of  three  external  hair  cells; 
D.  n'  to  II*.  various  croaH  sections  of  the  spiral  cord  of  nerve  distribution  ;  the 
"tunnel  coid"  extends  hum  h'  to  a' as  a  nulial  bundle;  1,  tunnel  space  ;  A'. 
Nuel's  space. 

doraalis,  where  the  fibres  appear  to  be  continuous  with  the  med- 
nllated  fibres  in  the  medial  portion  of  this  nucleus  (Fig.  366, 
right  side  of  figure).     It  is  probable  that  the  majority  of  the 
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Hbres  of  this  bundle  terminate  here,  though  eome  of  them  may 
pass  directly  through  the  dorsal  cochlear  nucleus  to  enter  the 
Btriie  medullares  (aive  acusticie),  or,  passing  over  the  dorsal  bor- 
der of  the  corpus  restiforme,  plunge  down  to  the  region  of 
the  homolateral  superior  olivary  complex  and  lateral  lemniscus 
(Held).     The  position  of  the  areas  corresponding  to  the  ven- 


^ 


|r:/l)v' 


Flo.  38S. — Traiiarene  spctinn  iif  medulla  oblongata  anil  rpreWlluni  of  ncnliorn 
child.  (SerieH  ii.  sertinn  No.  140.1  T.r.,  oorpus  ntitifuniie  (thv  part  miilul- 
latiil  corrCHponda  in  the  main  to  the  direct  ccit'bellar  Iractl :  F.l.,  handle 
cuntiiiuouH  with  the  funlKulus  lateralis  of  thr  runl :  F.l.m..  fancirulufi  longi- 
tudinal is  medialiB :  N.JX.X..  N.  glossophatyugcuset vagus:  K.Xll.,  N.  hypo- 
glusHus:  A'H.d..  nucleus  dentatus;  jYti.H.e.d.  nucleun  N.  covhkie  dunaliH 
»hown  more  t^ically  on  oppoHitv  side  of  figure  :  JTN.n.r.B.,  nucleus  N.  vcs- 
tibuli  medialis;  A'h.o.b.iI..  nucleus  olivaris  accegsorius  dorsalix:  Au.o.a.n.. 
nucleus  oIlTBrig  acctMSorius  medialia;  A'k.d.i,,  nucleus  olivariH  inferior: 
A'H.f.j.,  nucleus  tractus  solitarii :  P.f..  pedunculus  floccnli:  /V-,  pyramis; 
S.d.H.Tfit.,  radix  descendeuB  N.  vestihuli :  ^,j.I..  stratum  interolivare  lem- 
nisci;  fi6,  plane  of  lougitudiiiat  section  No.  ea  [Note.— This  figure  has 
been  disproportionately  reduced  in  the  reproduction.] 

tral  and  dorsal  cochlear  nuclei,  and  the  relation  of  these  to  the 
entering  root  bundle,  and  to  the  corpus  trapezoideum,  are  well 
shown  in  Florence  Sabin's  second  diagram  (Fig.  367).  The  two 
nuclei,  though  practically  continuous  with  one  another,  are 
fundamentally  different  in  strnctiire,  and  a  very  little  study  en- 
ables one,  even  with  low  powers  of  the  microscope,  to  differen- 
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n  (p>¥pHrcd  rmni  srriil 
corpns  tiBppxoidenm.  lAfWr  Fln»* 
Hnbin,  Johns  Hopkins  Honp.  Ball..  IS»7.  No.  SI.  p.  SSS.  Fig.  6.  >  C.i..  M 
nervi  cochlcte  donsli*;  Cf.,  corpus  trnpemiileiini ;  r.r..  nucleoi  nrrTJ ' 
le«B  Tentralim  A,  portion  of  root  bundle  of  cochlear  nerve  niDniigili* 
ventral  cochlear  nuclcns  to  the  region  of  the  domi  cwhltAr  nann 
Bn«  occupied  b;  medulUted  flhren  nf  lateral  portion  of  doisl  "^ 
nucleus;  m.  area  occupied  by  medullated  fibres  in  the  medial  porliM' 
donal  cochlear  nndouH;  L.t.,  region  of  IcmniBCUB  Utt'islia;  Xf..  ■ 
cuchlece;  A'.D.i.. complex  of  nucleuBulivaritisuperior  ;  A'.f.).,  oaclewl'* 
lateralis. 
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tiftte  the  two  nuclei  at  a  glance.*  A  few  of  the  fibres  of  the 
nervua  cochlese,  according  to  Heid,t  go  past  the  ventral  nuclena 
-without  terminating  in  it,  to  enter  the  corpus  trapezoideum 


Fin.  368. — EotisDCP  of  N.  Porhlc«e  into  (he  central  nervous  sygtem  portions  of 
thp  central  aaditory  ntths  nre  abn  shown  WeitEfrt  preparation  Homan 
ffctus,  33  cm.  long.  (After  H.  Held  Arch  f  Anat  u  Physiol  Anat.  Abth., 
Leipz.,  1890,  R  210,  Fig.  5. )     The  figure  is  Homewhat  schimatir 


*  The  reader  is  ailvised  here  and  in  connection  with  other  descriptions 
\x>  refer  freqnentlj  to  the  transverse  and  longitudinal  sections  pictured  in 
Pigs.  306  to  334 

t  Held,  H.  Die  centralen  Bfthnen  des  Nerviis  acusticus  bei  der  Kalze. 
Arch,  f-  Anat  u.  Physiol..  Anat.  Abth..  Leipz.  (1891).  S.  271-291.— Die  cen- 
trale  Oehorleitang.  Arch.  f.  Anat.  u.  Phjsiol.,  Anat.  Abth.,  Loipi.  (1893), 
S.  201^48. 
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CdliculHS  superior 


A.  Direct  Bystem.  (Peripheral  auditory 
Honiiory  neurones,  or  auditory  neurones 
of  the  I  order. ) 


\Nudms  ntrvicochkat  iorsaUs 

I  Nudtus  divans  st^tnar     js     superior 


Mc^iUtmr 


lituUlu  corporis 
tnpmddfi 

Nmkmnmicoddmm  rmUaSs 


(Mfas  irapaoidfMm 


CciUaUio 


<^ 


H.  I  udlnH^t  systems.  ( Auditi>ry  neu- 
ntmvM  of  II  order  and  of  higher 
oniois, ) 


iktmssmth  bnchii 
co$ymm€tivi... 


S.  i'^ehfime 


Kr<J  JI«l.—^hwnc«iHw*nitiTij?  termination  «f  axems  of  N.  codik^mtlif^ 
fnul  ncr\'ons  svstom,  toppther  with  swine  of  the  oental  »«diloTy  wflj^ 
{  AtVr  H.  Hc)<t  Arcii.  f.  An*t.  n.  Physiol^  Anat.  Abtlu,  Lrip*..  1«J^'* 


GEOUPING  AND  CHAINING  TOGETHER  OF  NEURONES.      553 

(Fig.  368),  and  so  come  into  relation  with  the  saperior  olivary 
complex  of  the  same  or  of  the  opposite  side.  Some  root  fibres 
may  possibly,  he  thinks,  go  into  the  one  or  the  other  lateral 
lemniscus  to  terminate  first  in  masBee  of  gray  matter  situated 
even  higher  up  in  the  cerebrospinal  axis  (Fig,  369),  The  studies 
of  Thomas,*  by  Marchi's  method,  also  make  it  seem  probable 
that  root  fibres  of  the  cochlear  nerve  pass  without  interruption 


Fig.  370. — RBgitlal  markedly  lateTsl  section  thmngh  the  rbmnliencfphalDii  of  & 
fiBtal  mouM'.  to  Hhow  the  rnlvring  N.  eurlilete  (After  S  Ramon  y  (Hjal. 
Beitng  eoid  Stodinm  der  Medulla  OblonKBta  etc  Bresler  Leipe.  18B«,  S. 
79.FiK.S1.)  .4.  N.  coclilote ;  fi,  N.  \-rstihu1i  f  scDBory  N  tnKeminus;  D, 
conxie  rmti forme  :  a.  aareudiiiR  limbHof  hifunstinn  of  aiones  of  N  oochk'ie; 
.  b,  desronding  limbs ;  c,  bundle  of  de«ccndiDg  limbH  which  enters  luto  the 
tail  of  the  ventral  Ducleusand  into  the  nucleus  N  cuthlefe  dorealis  d,  de- 
BcendinK  limb  of  bifurcated  aioues  of  N  tngenunus  (tiactuB  spinaliH  N. 
trigemini)  cut  (angentially. 

directly  into  the  stris  acusticee,  corpus  trapezoidenm  and  lat- 
eral lemniscus.  A  point  to  be  emphasized  in  connection  with 
the  nervns  cochleie  is  the  absence  of  any  evidence  for  the  pas- 
sage of  any  of  its  axones  directly  into  the  cerebellum  Thus 
the  neurones  of  the  first  order  as  well  as  those  of  the  second 


*  Thonias,  A.     lies  terminuisons  centrales  de  la  r 
CompL  rend.  Sac.  de  biol.,  Par.,  10  s.,  t.  v  (1808),  No.  6, 
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order  {vide  infra)  of  the  auditory  conduction  path  ut  m 
marked  contrast  with  those  of  the  nervus  vcstibuli  as  reganii 
their  behavior  toward  the  eerebellmn.* 


FlO.  STl.—Hodv  uf  tonninatioii  of  the  aioncG  of  the  N'.  cnchlev  in  tbr  nwk* 
N.  cuchlne  Tentralis  a(  a  ucwlxini  cat.  (Afl^r  S.  BaDi6n  ;  (>i>l.  ieiim 
lum  Studium  dcr  Medulla  Oblongitta,  etc.,  Bresler,  L^ipz..  tWS.  S.  n.  Hi 
21b. )  a,  filire  ending  in  a  conical  bulb ;  b,  fibre  surruunding  ■  rrll ;  i  iki" 
end  bulbs  coining  into  conlart  with  a  single  rpll ;  d,  slcllate  end  bulb:f.l'l>^ 
cate  vollaleisls  from  a  fibre  connected  with  an  end  bulb ;  /,  end  bulb  liA' 
hole  in  it. 

The  ajonea  of  the  cochlear  nerve  bifurcate  on  entering  il" 
ventral  nucleus,  dividing,  as  do  the  dorsal  root  fibres  in  thespif' 
cord,  into  an  ascending  and  a  descending  limb,  each  of  f^ 
gives  off  many  collaterals  (Fig.  370).  ' 

The  ascending  limb  ia  short,  and,  passing  dorsalmrd  u^ 
oackward,  ends  as  a  rule  in  the  ventral  cochlear  nucleus-  Tb* 
descending  limb  is  much  longer.  It  runs  posteriorly  and  ent"' 
the  tail  of  the  posterior  part  of  the  ventral  nucleus  and  inmw' 
instances  passes  into  the  nucleus  nervi  cochlete  dorsalis. 

The  terminals  and  collaterals  from  the  axones  of  tbecofbl** 

•  It  should  bo  mentioned.  hnwcTer,  that  some  investigators.  arooDj*' 
Foster  »nd  Sherrington  (Pari  III  of  Fosters  Teit-book  of  Phraiolopn^ 
von  KOlliker.  maintain  that  the  cochlear  nerve  is,  bj-  way  of  ihesui*"' 
tirai  and  cort>uB  restitorme.  connected  with  the  cerebellum. 
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nerve  form  curious  end-arborizations  which  come  into  close  con- 
tact with  the  cells  of  the  nuclei  terminales.  They  were  first  de- 
scribed by  Held,  and  have  also  been  pictured  by  Ram6n  y  Cajal. 
They  are  well  illustrated  in  the  accompanying  figure,  which 
shows  the  terminals  in  the  new-bom  cat  (Fig.  371). 

The  course  followed  by  the  auditory  impulses  inside  the  cen- 
tral nervous  system  (auditory  neurones  of  the  second  and  of 
higher  orders)  will  be  considered  in  a  subsequent  chapter. 
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SXTBSECTION  U. 

Neurones  Within  the  Central  Nervous  System  Con 
necting  the  End  Stations  (Nuclei  Tenoinales)  of  tb 
Axones  of  the  Peripheral  Centrii)etal  Neuronal 
with  other  Portions  of  the  Central  Nervous  Sys- 
tem (Centrii>etal  Neurones  of  the  Second  Order  and 
of  Higher  Orders ;  Central  Neurones  of .  the  Sen- 
sory Conduction  Paths). 


CHAPTER  XXXIX. 

CENTRIPETAL  NEURONES   INSIDE  THE   CENTRAL  NERTOD 

SYSTEM. 

Classification — Those  concerned  in  bodily  sensations — Those  pertainiaf  ts 
the  spinal  peripheral  centripetal  neurones — Groaps  of  these— Tbo«  tk 
cell  bodies  of  which  are  situated  in  the  nuclei  of  the  funicalas  gncit 
and  funiculus  cnneatus  of  each  side — Fibras  arcuato?  intemie— Stritts 
interoliyare  lemnisci — Decussatio  lemniscorum — Lemniscas  medttiir- 
Nucleo-cerebellar  systems. 


Having  considered  the  neurones  collecting  impulses 
all  parts  of  the  body  (including  the  organs  of  special  sense)  ib^ 
carrying  them  into  the  nerve  centres,  it  is  necessary  to  eian- 
ine  briefly  the  main  facts  which  have  been  ascertained  conctni- 
ing  the  neurones  which  are  so  disposed  that  they  can  take  sp 
the  impulses,  where  they  are  left  by  the  peripheral  iieDroB«> 
and  carry  them  further.     In  this  examination  we  shall  folki' 
the  same  plan  as  that  adopted  in  our  study  of  the  periph** 
centripetal  neurones  and  consider  (A)  the  paths  concerned  fl 
the  caiTying  of  bodily  impulses  separately  from  (B)  those  wbfl* 
function  it  is  to  forward  the  impressions  derived  from  tfl^  |* 
organs  of  special  sense. 
556 
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(A)  Central  HeuronM  of  Sensory  Conduction  Paths  other  than 
thow  corresponding  to  the  Ot^ans  of  Special  Benee. 

In  coDsidering  tho  peripheral  epinal  neurones  we  have  seen 
over  how  vast  a  territory  the  collaterals  and  terminals  are  dis- 
tributed in  the  spinal  cord  and  medulla.  It  is  obTious  that 
impulses  arriving  along  a  single  peripheral  spinal  neurone  can 
affect  neurones  of  the  second  order  by  means  of  collaterals  and 
terminals  in  very  different  portions  of  tho  gray  matter  of  the 


FlO.  372,— Floor  of  fourth  ventridp  and  dorsil  viow  of  niyeltnw|iliHloii.  (After 
J.  Hi-nlc.  Hsndbucb  dec  Ncrtenli^hn'  di»  Meuw-bcn.  II.  Aull..  Bmunscliwcig. 
IH79.  Fig.  123.  S.  S0«, )  Thp  cprphellum  and  velum  mi'dulUn'  anU'rius  bsve 
bevn  cut  (hrongh  in  the  middh'  lin?  and  tunipd  to  the  aide.  At.  ats  cinere« ; 
A<',  ae»-sKiirT  Durleoii  nf  StillinR:  CI.  clAva;  Cq.  eurponi  qiudrigemiiiB ;  F, 
tliKi'nXaa ;  Fc.  fnniculUH  rani«tuti:  Fg.  funienlusgractllB;  ffai.  fovea  HUperiur : 
J>.  Ii«ii«  i-BPnilpun;  06.  obfi;  Fo,  pimtituluB  (of  ta-nia  ventrieuii  quarti) 
bid  Ui  one  sldp  ;  Thc.  nnrleuH  ncni  i-nrhlete  dormliH  and  Htriir  medullareK ; 
ruin,  vi'lum  medullare  anterius ;  the  •  iudicahs  thi-  toUieulUB  Ikcialia. 

spinal  cord  and  medulla.  An  immense  problem  here  lies  before 
us.  At  present  we  can  not  speak  with  desired  deflniteness  con- 
cerning alt  the  neurones  of  the  second  order  and  of  higher 
orders  here  concerned,  but  bave  to  be  content  with  describing 
the  relations  of  certain  great  groups  of  neurones  of  the  nuclei 
terminates  as  far  as  they  have  been  made  out.  The  lower  motor 
neurones  situated  in  the  ventral  horns  are,  as  has  been  seen, 


tn.— Tran'Orrv  «mi-<*i  u  Ibc  jnaruoa  of  tkr  nnlsltk  T»f— Br  tirt  d> 
h>ii.  Zv'iu  And..  BruDM-himc.  1^^  S.  a^  Fl^  BL  <  rv  «*R>a» 
inu-olos  tronab* :  Fe,  £i!<i  —     -      . 


pjiunitlDB. 


t  lent  of  t^ikwtii 


of  centripeul  imptilfea  toward  higher  centres  vonld  not  be  fur- 
thered. The  nenrones  concerned  in  the  Utter  fonction  foosm 
of  at  least  several  weU-marked  gronpe.  It  will  be  <x>nTeni«it  u 
consider  (1)  the  central  neurones  pertaining  to  the  spinal  kb- 
Bor;  nerves  more  or  less  separately  from  {i)  those  which  'pt- 
tain  to  the  cerebral  Derres. 


The  nenrones,  the  cell  bodies  and  dendrites  of  which  eor- 
respond  to  the  nuclei  terminales  of   the  dorsal   roots  of  ^ 
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'inal  nerves  may  be  considered  under  the  following  head- 
gs: 

(a)  Neurones  the  cell  bodies  of  which  are  situated  in  the  nu- 
us  funiculi  gracilis  and  nucleus  funiculi  cnueati  of  each 
e. 

(_b)  Kenrones  the  cell  bodies  of  which  are  situated  in  the  nu- 
as  dorealis  of  each  side. 

(c)  Xeurones  the  cell  bodies  of  which  are  situated  in  the  gray 
tter  of  the  cord,  their  axones  helping  to  form  the  fasciculus 
itro-Iateralia  (Gowerei)  of  each  side. 

((/)  Neurones  the  cull  bodies  of  which  are  situated  in  the 
y  matter  of  the  cord,  their  axones  making  up  the  fascicu- 


-  374.— TrauBverae  sFctioo  t)irollj;h  the  nie<1iilta  oblongats  at  the  level  of  the 
<l«.-u»Btio  pyiwiiicluiD.  (After  J.  Henlp.  Handhach  der  Nervenlehre  dee 
Menschen,  Zweite  Aufl..  BrauuAchweie.  IST0,  8.  211,  FiR.  126.)  On-,  columns 
(griiHs)  ventislU  ur  ventral  horn;  /%  ,  eoatinantion  in  the  medulla  of  the 
fanciculuB  ventralia  propriua  [  Vordentran^ent  of  the  Qermang) ;  Fpy.  Saecic- 

nli  cereliroBpinales  pyramidaleB  unilerfininE  ileoussatior  ■  -   —'------= '~ 

*"'      B  Roland i ;  ICp.  spinal  extremity  of  nucleus  funiculi 


g.  siihstantja  gelK- 


propriuB  (ground  bundle)  of  the  ventral,  lateral,  and  dorsal 
liculi  of  each  side  of  the  cord. 
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While  theae  represent  the  chief  nuclei  termJiuiles  of  [h 
dorsal  roots  of  the  Bpinal  neires,  it  must  be  pointed  oat  thu 
certain  number  of  dorsal  root  fibres  terminate  first  in  the  «b 


Fin.  375. — Transversa  section  through  tlie  miiluTIs  o)i1i>nKata  at  tlif  Isti-I  J  i* 
m<«t  lauilal  filn  nidkularla  of  tbe  nervus  hypugluHsus.  (After J,H^ 
Handbiich  dpr  Xervcnlelire  des  Meiischen.  Zn-eitt  Aufl..  BnmnarhwMl  1*^ 
S.  813.  Fin.  127. )  ft',  coiitinimtion  ia  thf  medulU  of  the  fiwimlt  "• 
trails  pr..priua  i.f  the  spinal  eord  ;  f^f.  pTramis  tut  upprrmcKl  lev»l  J* 
cunntiii  pvrAmiiluTn  > ;  9.  Hiihxlaiitm  gelatiniHB  ;  AV.  pucleus  ruoiiiilio'*''' 
(Biirdflchi) ;  -Vjj,  iiurleiia  fUnk'Mli  Kracilis  <Gu1li<.  The  dei-u^aitii>  l«^ 
rrinim  is  not  iniliealcd  in  the  figure.  tboUKh  it  ia  to  be  seen  at  tfaielrirt  '- 
Fin.  378. 

helium,  and  possibly  also  in  the  formatio  reticularis  grif«  "■ 
the  medulla  oblongata  {vide  infra). 

{ad  a)  The  nuclei  of  the  dorsal  funiculi  (nucleas  ftn'"' 
gracilis  and  nucleus  funiculi  cuneati  of  each  side)  are  BCu''^ 
in  the  medulla  oblongata  at  its  junction  with  the  spinal  f" 
The  swellings  on  the  dorsal  surface  of  the  medulla,  kno*" 
each  side  as  the  c/aiw  and  the  iuberculum  ntneafvm-*^'^ 
to  these  nuclei  (Fig  372).  The  c/ava  corresponds  tothc 
cUun  fnnicnli  gracilis  and  the  tuberrulum  evHeattnn  K ' 
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tcleus  funiculi  cuneati.  A  atudy  of  a  series  of  sections 
'igs.  37U  to  377)  througli  the  upper  portion  of  the  cervical 
irt  of  the  spinal  cord  and  the  lower  portion  of  the  medulla 
veals  the  general  relation  of  the  fibres  of  the  dorsal  funiculi 


«a 


—  — -     -  .   , — ib  preparation.    (Aftor.I. 

.■Dle.Hanilhui'hdurNerveiilehn!di.'8Monaclien.Zw«tvAufl..BTBun8phwel|c. 
1879.  S.  S20,  Fig.  134. )  Ve,  rsoalia  rentraliH  ;  Fba.  Bbne  arcuatcp  isxtrmv 
venlrules;  *V,  renuinn  of  ventral  funlculufl  of  the  spinal  cord  ;  Fc.  fisticuliia 
cunvatus  (Burdachi) ;  F^,  rasriealus  xracilis  (Golli) ;  Fpy,  faijcicull  ci!i¥bro- 
spinalni  pyramidnlfv  above  the  level  uf  the  ilecuaaitio  pvramidam ;  A'a. 
nuclei  arcuati :  Sk,  nuclcun  nervi  hjrpnglOHai ;  ^Vo,  nuclt'UH  olivaru  inferior  ; 
.Vp.  nncleusoUvariBaccessoriuH  medialiH;  A.  raphe  ;  T*,*.)!.  I'.,  tractuH  npinaliii 
nervi  trlgemlni  -  XII',  radix  nervi  hjrpoKloHHi ;  *  cnnfs  Hprliiin  uf  hlood-ves- 
■rl ;  **.  longitudiiul  tvction  of  hU>uil-ve«<e1 ;  f.  tmctus  Holitarius, 

these  nuclei.     Passing  from  below  upward,  one  makes  out 
.«t  as  the  masses  of  gray  matter  begin  to  appear,  the  volume 
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of  the  faecicnli  of  white  fibres  begins  to  diminish.     In  seciia 
still  higher  op  the  nuclei  are  larger  and  the  fasciculi  growp 


Fta.  3T7. — TrangverBe  nertion  of  the  m^ulla  ohtoDKHts  st  the  l«vpl  of  tbr  w* 
of  the  nucleus  ulivaris  inferior,  (After  J.  HpoIp,  Hnndhuch  der  Xn* 
lehre  dee  Henxchen.  Zweite  And.,  Braunschweig,  iH79.  S.  227.  Fiit.  iX-[  '! 
curpDs  rcetiforme;  Fpg,  faiiciculi  pyremidnles ;  Sgl,  nuclcM  (tpmaw 
ncrvi  glneeopharynfiri ;  Nk.  nucleus  (nrigiiiisl  nervi  hj-peicloHii :  .V>.  "'•' 
olivftriB  inferior;  Noa,  nucleus  olivuris  accwwirius  doralis:  A"*- "*J 
olivnris  HCivwiiriuH  mpdialiii;  A'c.  nucleus  alie  cineim-  (nuclriu  ^""Ti 
nervi  Tajcil;  Po,  ponticulus  (of  trenia  Tentrifuli  qiwrti)  |  R.  "I^-. 
radii  ncrvigloasophBryngei^Jf/f,  radii  nervi  hypogloBai  ;  f,  tranasi-li*" 

gressively  smaller,  until  in  the  uppermost  regions  of  the  bum 
there  are  scarcely  any  white  fibres  interyening  between  the  p*! 
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masseB  and  the  dorsal  surface,  the  white  fibres  having  disap- 
peared by  maning  into  the  nuclei  to  terminate  in  them.  The 
nucleus  funiculi  gracilis  appears  at  a  lower  level  than  does  the 
nncleus  funiculi  cuneati  and  it  terminates  at  a  lower  level  in 
the  medulla  than  does  its  neighbor ;  the  white  fibres  of  the  fas- 
ciculuB  gracilis  have  all  disappeared  at  a  level  at  which  there  is 
still  a  large  mass  of  fibres  in  the  fasciculus  cuneatus  rutining  to 
higher  levels. 


FlO.  978.— Trail Hve me  aection  through  mpdulls  oblongata  of  Dpwbom  child  at 
IcvpI  of  dei^uMwtin  lemnim-onim.  (Scrit*  li,  stftion  No.  50.)  <.'.c.  umalis 
(^■ntnilib ;  Dtc.l.,  derugaatin  IcmiiiBconiin  ;  F.a.i..  fihne  arcuate  inltrnuB ; 
F.a.e.,  fihne  atcustte  cxtomr ;  F.t,.  faBciculus  runntua  Burdachi ;  F.c.  to 
F.r..  bundles  from  fasciculUB  cnntatus  to  Connatiu  reticularis  ;  F.d».,  (ascic- 
ulus  ctTpbclloapiiiali))  or  direct  ceivbellar  tract;  F.g.,  bsi'iculug  gisRilis 
(lulli ;  F.r.p.,  &Bi:iculUH  VGntralis  propriah;  A'li.eoin..  nucleus  cutumieaura" 

,Vn./.c..  nucleus  funiculi  cunffliti :  A'm./.s..  nuci"""    " 

mia ;  T.i.n.  V..  traotUfi  spinalis  N.  trigemini ;  . 
landij.     (WdgeM-Pal  pi  '       '      "      '  ' 


IS  propni 

:  lin.f.g..  nucleus  funiculi  gracilis ;  Py.,  pyra- 
,.   ...     _1.  trigemini:  Kp.,  suhsf"   '"  "  '"'" 
ivparatiun  by  X>r.  John  Uewctw 


,  sulwtantia  gelalinuaa  [Ko- 


The  fibres  of  the  dorsal  funiculi  of  the  spinal  cord  terminat- 
ing in  the  nuclei  mentioned  transfer  the  impulses  which  they 
carry  to  the  dendrites  and  cell  bodies  of  neurones  situated  there ; 
the  axones  of  these  neurones  carry  the  impulses  farther.  A  large 
nnmber  of  these  axones  appear  as  internal  arcuate  fibres  which 
press  in  a  curved  direction  to  the  raphe,  decussate  with  corre- 
sponding internal  arcuate  fibres  of  the  opposite  side,  forming 
the  decusaatio  lemniscorum  *  (Fig.  378),  and  then  asBume  a  lon- 
gitndinal  direction  in  the  ao-called  interolivary  layer  of  the  lem- 
niBcns  (xiTotum  interoUvare  lemmsct)  ( Fig,  379).     Farther  head- 

*  The  nature  of  this  decussalion  and  \t&  relation  tn  the  Duclei  of  the  dor- 
sal fui'ieuli  tuid  to  the  lemniscus  was  long  misunderstood.  The  mjeliniza- 
tjon  studies  of  Flechaig  first  threw  light  on  the  subject.  The  Germans  for 
»  long  time  »poke  of  the  decussation  aa  the  ohert  Pyramidenla-euzung  to 
distinguish  it  from  the  motor  decuss&tiou  or  unlert  Pyramidenkreuzunff. 
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wmrd  this  mteroliTanr  laTer  is  continDoos  with  the 
medialis  which  nuu  through  the  pons  mod  midbrain  towmrd  tk 

higher    centres    terminatiig 


mainlT  in  the  Tentro^steil 
groap  of  nuclei  of  the  thk 
mils.  Another  portion  of  thr 
axones  from  the  naclei  of  tb 
dorsal  fonicali  pass  throod 
the  corpus  restif  orme  into  \ht 
cerebelliun. 

The  nucleus  funiculi  pt- 
cilis  on  each  side  receires  tbc 
terminals  of  the  majority  <^ 
the  axones  vhich  make  np 
GoU^s  fasciculus  of  the  suie 
side  of  the  cord,  though  it 
has  lately  been  shown  that  i 
few  terminals  and  coUaterde 
cross  the  middle  line  to  enter 
into  the  nucleus  of  the  oppo- 
site side,  forming  in  this  vij 
a  terminal  decussation  of  the 
axones  of  the  peripheral  cen- 
tripetal neurone  system  (Bi- 
mun  y  Cajal^s  enfrecmzamh 
ento  termuial).^  The  ceB 
bodies  of  the  neurones  situ- 
ated in  the  nucleus  funicdi 
gracilis  are  triangular  or  str- 
iate, and  richly  provided  with 
dendrites.  A  part  of  thdr 
V      ™^.         rl"^      ,.„     aionespass  at   first  btenl- 

Fio.  379. — Scheme  of  the  course  of  the     j      j   x» 

Mfiisory  pttths  of  the  dorsal  funiculi  ward,     and      then     curriiig 

in  the  pe;?ion  of  their  nuclei  in  the    ««^,,«  j   K,wv<rv«««.  ^^-..^.i-.,^  --»« 

meduiu  oblongata.    u\fter  L.  Edin-  around  become  directed  ven- 
f'':'^*'ri'^o^'^o".i™i?'**^^.^''^"^^    tralward  and  medial  ward  in 

Leipz.,  1898,  S.  343,  Fig.  235.)  ,  y.» 

order,  as  nbrae  arcuat«  in- 
temae,  to  cross  in  the  raphe  and  to  enter  into  the  opposite 
stratum  interolivare  lemnisci  and  thence  into  the  medial  psrt 

*  Ram6n  j  CajaL.  S.  Beitrag  zum  Stadium  der  Medulla  oblongata,  des 
Kleinhims  UDd  des  Ursprungs  der  OehimnerTeo.  Deatsch  Ton  Breskr« 
Leipz.  (1896).  S.  61. 
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of  the  lemniscus  medialis.  The  course  of  these  fibres  and 
their  terminations  will  be  described  in  full  further  on.  A  cer- 
tain number  of  the  axones  from  this  nucleus  pass  dorsalward 
to  reach  the  surface  of  the  medulla,  and  then  run  laterally  as 
fibraB  arcuatas  externsB  dorsales  to  enter  the  cerebellum  through 
the  corpus  restiforme  (Edinger,  Bruce,  Ferrier  and  Turner). 
Further,  some  of  the  axones  before  mentioned  as  decussating 
Eit  the  raphe  instead  of  running  longitudinally  in  the  stratum 
interolivare  lemnisci,  plunge  ventrally  through  or  around  the 
pyramid  to  reach  the  lateral  surface  of  the  medulla  and  to  enter 
the  cerebellum  through  the  corpus  restiforme.  It  is  believed 
oj  von  Bechterew  *  that  a  portion  of  these  fibrae  arcuatae  ex- 
Domae  ventrales  undergo  relay  in  the  nuclei  arcuati.  At  any 
rate  it  appears  that  of  the  external  arcuate  fibres  having  origin 
m  the  nucleus  funiculi  gracilis,  the  dorsal  connect  this  nucleus 
with  the  cerebellum  by  means  of  the  corpus  restiforme  of  the 
same  side  (uncrossed  gracilar  nucleo-cerebellar  neurone  system), 
the  ventral  by  means  of  the  corpus  restiforme  of  the  opposite 
ride  (crossed  gracilar  nucleo-cerebellar  neurone  system). 

The  nucleus  funiculi  cuneati,  or  nucleus  of  Burdach's  column 
(including  the  lateral  [external]  nucleus  of  Blumenauf ),  receives 
the  majority  of  the  terminals  of  the  axones  of  the  fasciculus 
euneatus  of  the  same  side  of  the  spinal  cord,  the  terminal  fibres 
breaking  up  into  very  complicated  branchings  in  among  the 
"  islands  "  formed  of  the  cell  bodies  and  dendrites  of  this  nu- 
cleus. The  cell  bodies  in  this  nucleus  are  also  rather  small,  tri- 
angular, or  fusiform  in  shape.  The  majority  of  the  axones  of  the 
cells  in  the  pars  medialis  of  the  nucleus,  like  those  of  the  cells 
in  the  nucleus  funiculi  gracilis,  enter  the  medial  lemniscus  of 
the  opposite  side  by  way  of  the  internal  arcuate  fibres  and  the 
stratum  interolivare  lemnisci.  A  considerable  number  of  the 
ttiedullated  axones  from  this  nucleus,  however,  again  in  agree- 
ttient  with  the  nucleus  funiculi  gracilis,  enter  the  cerebellum  of 
he  same  (uncrossed  cuneate  nucleo-cerebellar  neurone  system) 
ind  of  the  opposite  (crossed  cuneate  nucleo-cerebellar  neurone 
ystem)  side  by  way  of  the  fibras  arcuatae  extemae  dorsales  et 
centrales  and  the  corpora  restiformia.     The  majority  of  the 

*  von  Bechterew,  W.  Die  Leitungsbahnen  ira  Gehim  und  RUckenmark, 
-■«ipz.  (1894),  S.  90. 

t  Blumenau,  L.  Ueber  den  aeusseren  Kern  des  Keilstranges  im  verlftn- 
^rten  Mark.    Neurol.  Centralbl.,  Leipz.,  Bd.  x  (1891),  S.  226-232. 


THE  NEBVOtTS  SYSTEM. 


Fio.  380.— Hurizontnl  Bfftidn  thrciugh  thp  mill  ill  In.  po^^  and  midbniiD  of  *  bh 
bom  b»be.  Wetgvrt-Pal  staining.  Ij^tpI  of  dn'Usatio  bTiH:hli  coiuiiiini' 
dnd  of  nucleus  rcticularin  tejonrnti.  (Series  iii,  ncetiun  No.  108.1  <".| 
riiminisaunt  poHteriiir  cerebri;  litf.B.r.,  dM^aaatio  bniehil  eoninn^^' 
fJte.Btehl.,  cmamixmiTe  between  Becbterew'H  nuclei :  D.t.,  Hbm  lodmiMC 
tegmenti ;  F.a.i.i(\H.)..  librie  arciiatte  inlenue  from  the  nucleus  hnin 
uiineatJi  F.t.,  IwicieulUB  I'DDeatus;  F.c.  Ui  F.r.,  bnndle  frum  Gunnti 
cunestog  to  funnatio  reticularis :  F.g..  fasciculus  prBcilis:  F.l.m.,  fiwrinli 
lonjcitndinalis  medinlisi  L.m,.  lemniscus  mndinli!! :  L.I.,  Ifniiujcus  kirnlii 
JfDl.l'.,  radii  moloriusN.triBemiDi:  N. I'//.,  radix  N,  facialia.  pan  •hobA 
N.rrtt.,  radii  N.  vtHtibnli ;  A'.l'/.,  radix  N.  abduccntis ;  X.XII..  iidii  ^ 
hypoKbwsi;  Jf..V/..  iwlii  N.accewwrii :  ^11.(1.^/^(0).  nUcleunN'.  ucnIoOMliti! 
pani  lateralis;  A'ii.n.//f.lfr),  nucleus  N.  ocnlumiitorii,  pars  impBr;  .Vi.r.>  ' 
nucleus  centralis  superior,  pan  lateialis:  Na.ciiAm).  nucleus  mlnl> 
superior,  pan  mt^ialis :  XuJ.l.,  nncleiiH  leninisci  latt^mlui;  A'k.h.  17/.,  rnlrs 
N.  facialis;  Nu.N.e.t.,  nucleus  N.  cochlnp  ventralis;  A'd.ci.,  nnrlcB  it* 
tmlis  inferior ;  .Nu.r.l.,  nacleus  reticularis  tt'smcutl ;  A'u.I.i.,  nurlcu)  hon^ 
superior;  .Sf.jfr.i;.,  stratum  grincum  centrale;  ften.V.,  aeamrj  luil  "^ ' 
trigeminus;  S.g,.  subHlttntia  gi'latinma  Roland i ;  TrJr.nn.D..  tnrt  fn" 
DeTters'  nucleus  to  tlie  spinal  cord :  T.:h.  V.,  tmctus  apiiulis  N.  tripauW 
lPre[«ratiuD  by  Dr.  John  UewvlsoD.J 
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lO.  381  — Honzontal  Hwtion  through  the  mpdulla  pons  mid  niidhrain  of  new- 
bom  babe  LiVil  of  itnitHiu  intemlnnif  Umiiisii  lorpun  Irupeznidtumand 
nnrlpuH  ruber  Weuiert  Pal  Htalnins  (Senoiiii  gettiun  Na  136  )  t  I ,  ror- 
pUB  trBpczoideum  l)ec  Br  Ctmj  dwuttiBtio  brachii  iiiiijuiK'tiv]  J>(  doc^UH- 
sitiotefcmenti  irntmlifl  (ventral  teR[ii(.Dta1  dvenieulionofl'OTell  Pail  DrcJ.), 
fibne arcuatiF  mtimte  (deriiaoitio  lemnutruruml  1 1  flbrcscontinaoiuwIUi 
the  funiculus  latcialu  of  tho  Hplnal  cord  Flm  foaciculDS  longitadinalii) 
inedialiB  Fr  31  fkHCiealuB  retnifleiiiH  Mtynerti  /»  lemn incus  medlalis 
^  III  radii  N  oculomotuni  \  Vol  t  mcib.r  nH>t  of  \  tngtminus 
>  Vn  I  Heniior;  root  uf  N  tnjieniiniis  A  HII  leoeh  )  radix  N  cochlMe 
A  IIII  irrtt  i  radiiN  vestibuli  A  H  radu  N  abducentis  A  III  radii 
N  larialiii.  pan  acenndn  \  \II  radix  N  liypofiliHii  Au/In  nuclens 
bseiculi  Inn^tudinalis  medialu,  or  DncleUH  roniiDUHune  poslenons  {ehtrer 
OcKlomBtiiriutkrm  of  DarkBchewitHh)  Ah  r  ///  nucleus  N  oculnmotorii ; 
An  0  a  I*  nnelcUH  nlivariH  ncceHKirius  medlalw  \hoi  nucleus  oliTaris  in- 
fenor  Aaai  nucleus  olivans  nupenor  fin  ruber  oucIouh  ruber  Sf.i.f,, 
■tratum  intcrolivare  lemuuci  ?n  aahstantia  nigra  iPreparation  by  Dr. 
John  Uewitvon  ) 
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axones  from  the  cells  in  the  pars  lateralis  or  Blumenaa^s  naclens 
go  to  the  cerebellum  on  the  same  side.  In  the  cerebeUim 
these  fibres  run  as  a  compact  bundle  past  the  nucleus  d^itatns, 
through  the  more  medial  of  the  two  bundles  into  which  the 
corpus  restiforme  here  divides  (Tschermak),  to  end  mainly  in 
the  cortex  of  the  vermis  inferior.  On  the  way  collaterals  are 
given  off  to  the  nucleus  N.  vestibuli  lateralis  (Deiters),  and  to 
the  cerebellar  nuclei,  especially  to  the  nuclei  fastigii. 

As  a  result  of  the  relative  positions  of  the  two  nuclei,  the 
internal  arcuate  fibres  from  the  nucleus  foniculi  gracilis  are  to 
be  found  at  levels  farther  spinal  ward  than  those  containing  the 
arcuate  fibres  from  the  nucleus  funiculi  cuneati,  while,  on  the 
other  hand,  internal  arcuate  fibres  from  the  nucleus  funiculi 
cuneati  can  be  seen  at  levels  much  higher  up  than  those  in 
which  the  last  internal  arcuate  fibres  from  the  nucleus  funiculi 
gracilis  are  situated  (Fig.  380).     Miss  Florence  Sabin  finds  two 
main  masses  of  arcuates  connected  with  the  nuclei  funiculi  gn- 
cilis  et  cuneati — (1)  a  lower  mass  probably  common  to  the  two 
nuclei,  but  mainly  arising  from  the  nucleus  funiculi  gracilis,  the 
majority  of  which  decussate  in  the  raphe  (Fig.  381),  a  distinct 
bundle,  however,  turning  forward  into  the  stratum  interoliTwe 
lemnisci  of  the  same  side,  and  (2)  an  upper  larger  mass  orig- 
inating from  the  anterior  half  of  the  nucleus  funiculi  cuneati, 
apparently  undergoing  complete  decussation  in  the  raphe  (Fig. 
380).     Between  these  two  masses  of  arcuates  is  an  area  of  con- 
siderable width,  corresponding  to  the  posterior  half  of  the  no- 
cleus  funiculi  cuneati,  in  which  no  distinct  bundles  of  arcuate 
fibres  can  be  made  out. 

The  developmental  method  has  thrown  much  light  upon 
the  distribution  of  the  axones  from  these  two  nueleL  The 
study  of  them  is  rendered  easier  by  the  fact  that  the  aione 
from  the  nucleus  funiculi  cuneati  become  medullated  some 
time  before  those  from  the  nucleus  funiculi  gracilis.  The 
former  are  already  medullated  in  the  human  foetus  30  em. 
long,  while  the  latter  receive  their  myelin  sheaths  first  wheB 
the  foetus  has  attained  a  length  of  from  35  to  38  cm.  It  i^ 
possible,  therefore,  to  follow  the  course  of  the  fibres  upwari 
separately.      Without   going    into    the    details,*    it    may  l« 

*  For  these  the  reader  is  referred  to  the  large  monograph  on  condocti* 
paths  published  by  P.  Flechsig  in  1876,  to  his  Plan  des  menschlichen  O 
hims,  Leipz.  (1888),  and  his  articles  in  Neurol.  CentralbU  Leipz.,  Bd.  iTfl8^v 
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stated  in  general  that  these  studies  have  shown  that  the 
internal  arcuate  fibres  from  the  nucleus  funiculi  cuneati, 
after  having  crossed  in  the  raphe,  run  cerebralward  in  the  more 
dorsal  portion  of  the  stratum  interolivare  lemnisci  to  form  in 
the  pons  the  more  lateral  portions  of  the  lemniscus  medialis. 
A  part  of  these  fibres  at  the  level  of  the  inferior  coUiculus  of  the 
corpora  quadrigemina  pass  dorsal  ward,  according  to  von  Bech- 
terew,  to  enter  the  region  which  he  designates  as  the  corpus 
parabigeminum,*  some  of  them  going  on  to  the  superior  coUic- 
ulus, apparently  to  terminate  in  these  gray  masses.  The  mar 
jority  of  the  fibres,  however,  do  not  go  so  far  dorsalward,  but 
passing  somewhat  laterally,  on  account  of  the  red  nucleus, 
above  this  body,  turn  still  more  laterally  to  become  connected, 
most  probably,  as  we  shall  see  later,  mainly  with  the  ventro- 
lateral group  of  nuclei  in  the  optic  thalamus,  but  partly  with 
the  nucleus  hypothalamicus  (Luysi),  and  partly  with  the  nucleus 
lentiformis  of  the  same  side  and  of  the  opposite  side.  The 
point  of  importance  to  remember  at  this  stage  in  our  descrip- 
tion is  that  the  majority  of  the  fibres  of  this  portion  of  the 
medial  lemniscus  extend  through  the  cerebral  peduncle,  by  way 
of  the  tegmentum,  into  the  hypothalamic  region. 

The  fibres  from  the  nucleus  funiculi  gracilis  occupy  in  the 
stratum  interolivare  lemnisci  a  region  rather  more  medially 

S.  97,  and  Bd.  v  (1886),  S.  549 ;  and  also  to  the  following  publications  by  W. 

von  Bechterew :  (1)  Die  Leitungsbahnen  im  Gehim  und  RQckenmark,  Leipz. 

(1894),  also  II  Aufl.  (1899);  (2)  Ueber  die  hinteren  Wurzeln,  den  Ort  ihrer 

Endigung  in  der  grauen  Rtlekenmarksubstanz  und  ihre  eentrale  Fortset- 

zung.     Axxjh.  f.  Anat  u.  Physiol.,  Anat.  Abth.,  Leipz.  (1887),  S.  126-136. 

Ueber  die  Schleifenschicht  auf  Grund  der  Resultate  von  nach  der  entwick- 

elangsgeschiohtlichen    Methode    ausgeftlhrten   Untersuchungen.     Arch.  f. 

Anat.   u.   Physiol.,   Anat.  Abth.,  Leipz.  (1895),  S.  379-395.    The  valuable 

studies  of  myelinization  by  L.  Edinger :  Zur  Kenntniss  des  Verlaufes  der 

Hinterstrangfasern    in    der  Medulla   oblongata   und  im  hinteren  Klein- 

schenkel.  Neurol.  Centralbl.,  Leipz.,  Bd.  iii  (1885),  S.  73-76;  of  A.  Bruce: 

Illustrations  of  the  Nerve  Tracts  in  the  Mid-  and  Hind-Brain,  etc.,  Edinb. 

and    Lond.  (1892) ;    of  L.  0.  Darkschewitsch   and   S.   Freud :   Ueber  die 

Beziehung  des    StrickkOrpers   zum    Hinterstrang   und   Hinterstrangkem, 

Debfit  Bemcrkungen  ueber  zwei  Felder  der  Oblongata.    Neurol.  Centralbl., 

Ijeipz.,  Bd.  V  (1886).  S.  121-129 ;  and  of  A.  Cramer :  Beitrftge  zur  feineren 

Anatomic  der  Medulla  oblongata,  der  BrUcke,  etc.,  Jena,  1894,  should  also 

l^  consulted. 

*  I  have  not  been  able  to  satisfactorily  locate  this  body,  notwithstanding 
c^^aref  ol  study  of  the  serial  sections. 
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and  ventrally  situated   than  those  from  the  nucleus  funiculi 
cuneati,  though  it  would  appear  that  no  sharp  line  of  diyisioa 
can  be  drawn  between  them,  the  fibres  of  the  two  systems  inter- 
mixing, especially  at  higher  levels.    A  little  higher  up  a  portion 
of  these  fibres  terminate  apparently  in  the  so-called  "nuclei 
reticulares  tegmenti  pontis,"  those  masses  of  gray  matter  situ- 
ated near  the  raphe  in  the  most  ventral  portions  of  the  pare 
dorsalis  pontis.     The  majority  of  the  fibres,  however,  are  con- 
tinued through  the  pons  as  the  more  medial  portions  of  the 
lemniscus  medialis.*     In  the  tegmental  portion  of  the  cerebral 
peduncle  these  fibres  lie  medial  and  ventral  to  the  bundle  from 
the  nucleus  funiculi  cuneati ;  the  medial  lemniscus,  made  np 
largely  of  the  bundles  from  the  two  nuclei  of  the  dorsal  funiculi 
in  this  region,  assumes,  therefore,  a  sickle-shape.     The  fibres 
from  the  nucleus  funiculi  gracilis  pass  on  through  the  tegmen- 
tum of  the  cerebral  peduncle  to  the  diencephalon,  where,  as  will 
be  pointed  out  later,  the  majority  of  them  probably  terminate  by 
end-ramifications  in  the  ventro-lateral  regions  of  the  thalamus. 
Von  Bechterew's  scheme  of  the  axones  passing  out  of  the  nuclei 
of  the  dorsal  funiculi  is  reproduced  in  Fig.  382. 

Studies  by  the  method  of  Marchi,  after  destruction  of  thi 
nuclei  funiculi  gracilis  et  cuneati  in  animals  (Singer  and  Miin- 
zer,  Ferrier  and  Turner,  F.  W.  Mott,  A.  Tschermak),  have  shown 
that  while  the  majority  of  the  fibres  extend  forward  as  far  as 
the  thalamus,  many  of  them  terminate  in  the  gray  masses  on 
the  way  (formatio  reticularis  grisea,  nuclei  pontis,  coUicnli  of 
corpora  quadrigemina). 

Singer  and  Munzer,t  experimenting  upon  cats,  destrojed 
the  spinal  extremity  of  the  nucleus  funiculi  cuneati  on  one  side. 
and  studied  the  ascending  degeneration  with  the  delicate 
method  of  Marchi.  They  found  degeneration  of  the  myelin 
sheaths  of  the  fibrse  arcuatsB  intemae,  corresponding  to  this 
part  of  Burdach's  nucleus,  and  were  able  to  follow  the  fibm 
across  the  raphe  into  the  ventral  part  of  the  stratum  inter- 


♦  The  most  medial  bundles  in  the  region  of  the  lemniscus  are  made  op 
in  all  probability  not  of  centripetal  but  of  centrifugal  fibres.  They  becow 
medullated  much  later  than  the  rest  of  the  fibres  of  the  lemniscns.  T^ 
nature  of  these  fibres  will  be  discussed  in  connection  with  those  of  the  ks* 
niscus  medialis  in  general  further  on. 

f  Singer,  J.,  u.  E.  Mttnzer.    Denkschr.  d.  Akad.  d.  Wisseosch.,  ^J* 
Math.-naturw.  CL,  Bd.  Ivu  (1890),  S.  569. 
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of  the  iliirHil  funiculi  to  thu 
It-muisi-ii!!  ana  to  the  cur- 

rius  tvstifunne,  schematical- 
>•  repnwenled.  (After  W. 
vim  tlechteicw.  Die  Lei- 
luugsliahneii  im  Gehiru  und 
Kuckeuniark,  II.  Aufl., 
I.eipx.,  IHW.  8.  252,  Fig. 
219.)  r,  ('ortei  of  iMlliuni ; 
»/.  nucleiu  lentifiirmis ;  M, 
(huUniuK;  f/^nuelvuiihypo- 
thalmuieus  (enrpiig  Luysi ) : 
qn.  culliculus  iiu|icrii>T ;  gt, 
eolUiiilnii  inferior;  nil,  cur- 
piM  pamblgeiuioam  of  von 
Bevhteivn ;  nl.  nucleus  leni- 
iiiwi  lateralix:  01.  iiurlcus 
..KvariA  suiN-rion  17/;,  du- 

iralis :  oi.  nuclena  ulivHris 
iuferi'ir;  nfi,  nnrlcuHfauir- 
uli  lateralis  vtutnitiH;  .1/11. 
nuclciLs  funieuli  lalcnili.'' 
rlomalis:  »/r.  mi.-lfUB  ftinie- 

nuVkuV^  fnnlc-uli  m.-ilis 
tnilli :  (T.  enniuH  ni-tifonne  ;  7  aiid^.  flbnp  evrehellii-olivHreii ;  S,  faw-ieuiiui  a|>inu- 
i-erebellaris  ilorxo-UIeniliH  ((lircetcerelM-llar  tiact  ofFlH'IuUK) ;  i,  film:  frum  tlie 
nurleus  ftiiiieuli  t'entnlix  tv  tbe  t'erebcllum ;  4-  ill>re  fnnu  the  nueleua  ftiiiiculi 
<l»nialis  to  the  rrrehrllnm ;  -5.  fibre  IVom  the  Duelnu  Ainieall  cuncati  to  the  wre- 
iH-llum ;  S  anil  7.  fibm  from  the  nneleaH  tlmlenli  |[Ta(4lis  of  thv  two  sideii  tu  the 
rcrrlH-lluni :  !>.  lateral  part  of  the  leninlivUB  nKiiialiii  fonni-(l  liy  fibres  from  the 
eoiitiB-luti-iHl  DUi'leUH  fiiuk'uli  euneflti:  /It.  me<liHl  part  of  the  lemniseUA  nH-dialin 
riirmril  hy  Uhnit  from  the  eontra-lateral  nucleus  funiculi  gmcilih  im  their  wuy  !•> 
the  Ihulaiiius;  Ij,  axime  of  thalaniocortieal  neurone  or  vurlii-al  li'umistus ;  15. 
leuinim-UB  ttbres  of  Mejner  ' 
38 
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olivare  lemnisci  of  the  opposite  side.     The  fibres  here  awm 
a  longitudinal  direction,  and  could  be  followed  through  t 


e  section  of  tho  mcdulU  at  the  lowor  enil  iif  the  im* 
alivans  iDiurior.  hdowIdk  the  degcm? ration  whii'h  follows  (ioMnn:Ii«iiif  il 
nucleus  funiculi  itrticilis.  (After  FciTieranil  Turner.  Phil  Tr  limi.,'-' 
tUiiv,  18»4.  B,  pi.  Iiviil,  FiB.  5.)  A'.n.rf.,  Tcntral  cxtreniitT  ofthfinrirf 
(Hiniruli  gm^ilia;  La.f.,  filine  xrciiatie  intvme,  degeoenited  on  Ihc  od" 
the  IcHion ;  i.a„  atmtum  interoUvare  lemniwi ;  i.n.ru..  nurlem  Aain 
euneuti,  pars  medialis;  r.n.™.,  Hue leu»  funiculi  cuneati.  pHm  latei»lii ;  »^' 
niiddle  Hn'uate.  Hbnii  in  part  degenerated  on  side  uf  lesiim :  i.e..  f*^ 
olivaris  inferior  ;    I'-rH.,  tractus  spinalis  N.  trigemini ;  /^.  pyinmia. 

lemniBcua  mediulis  as  far  as  the  hypothalamic  region  and  vent"" 
lateral  part  of  the  thalamus.  Farther  than  this  ther  w 
unable  to  tracts  degenerated  fibres. 

Ferrier  and  Turner  *  destroyed  the  uucleus  funiculi  py<^ 

'  Ferrier,  !>,,  and  W.  A.  Turner.     A  Record  of  Experimenia  Il)u!<n'i" 
of  the  Symptomatology  ami  Degenerations  followinR  Lesions  of  llwl''*  . 
bellnm.  etc.     Phil.  Tr..  I^nd.,  vol.  clsxsv  for   18M  (B)  (ISftl).  pp.  W^ 
— .Also,   .An   Experimental   Research  upon   Cerebro-CVirtical  ASer"^  "^ 
BSerent  Tracts.    Phil.  Tr.,  bond.,  vol.  cxc  (1808),  [.p.  1-14. 
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or  the  nucleus  funiculi  cnneati,  on  one  side,  in  the  monkey, 
with  the  aid  of  the  galvano-cautery,  and  studied  the  ascending 
degeneration  with  >[archi's  method  and  Weigert's  method- 
They  obtained  always  degeneration  in  the  corpus  reatiforme  on 
the  aide  of  lesion,  but  failed  to  produce  degeneration  in  the 
same  bundle  on  the  aide  opposite  to  the  lesion.  They  studied 
also  the  degenerations  in  the  fibne  arcuatie  intemte  of  the  same 
side,  and  in  the  lemniscus  medialis  of  the  opposite  side,  and 
showed  by  the  degeneration  method  that  the  fibres  from  the 
□ucleua  funiculi  gracilis  go  to  the  ventral  part  of  the  opposite 
lenmiBCus  medialis  (Figs.  3g3  and  384),  while  those  from  the 


Fio.  aS4.—Tt»iiBVprip  section  of  the  mednllft  iihlongatB  from  the  M 
jirecffling  Biimewhst  highiT  up.     (Afirr  Ferritrand  Turner,  i 
Lettering  as  in  the  prfc<^in)t  figure. 


I^'e 


.,  pi.  liv 


nuclens  funiculi  cuneati  go  to  the  dorsal  part  of  the  same  fibre- 
mass.  The  latter  relation  is  well  shown  in  Fig.  385,  which 
represents  a  section  stained  by  Weigert's  method  from  a  case 
in  which  Ferrier  and  Turner  had  cut  the  corpus  restiforme  and 
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destroyed  the  nucleus  funiculi  cuneati  [Burdachi]  on  one  m 
They  could  not  trace  degenerated  fibres  beyond  the  thalamai 


Pia.  385. — A  fmnbil  section  thmueh  thp  rhomb^nrcphalon  of  a  nuHikt;  ilti 
(k'stnirtion  ut  tho  uLii;lcii8  fmiii'nli  cuiii-Hti  and  of  the  corpus  rfrtif"* 
atftiiiiug  by  Wcigerfa  method.  (After  Ferrior  and  Turner,  Phil.  Ti., La* 
vol.  cliiiv,  lBa4,B.,p1.  Ixix,  Fift.  3.)  n/.  IcmniM-usmcdialis:  irtmiK" 
in  its  dorsal  portion.  In  the  cprcbellum  on  (lie  right  side  of  the  Gguitibin 
fnn-iihaped  sclerosed  area  (n.r.M,  formed  chiefly  by  tho  direct  fitimfnait 
nucleus  funiculi  cnneati,  is  observable ;  owing  to  the  facr  that  the  resi^ 
body  was  also  dcstmyed.  tho  BCleroxed  area  contains  in  addition  fibn?  ^^ 
the  nucleus  funiculi  gracilis  and  fnim  the  fiisciculus  cerebelloipinatk  '.''; 
tract  between  the  cerpbellum  and  Deitcra'  nucleus  :  r'«»,  traetoA  sidnifc* 
trigemiiii.  ileftenerated  on  the  left  side  owing  to  Hvtiun  of  the  nerve  hrten 
the  ganglion  seniilunare  and  the  pona  ;  m.  nucleus  olivaris  supcriix:  '.^Jj 
nucleus  dcntalus cerehelli ;  I'  K.  trigeminus:  I'//,  nucleus  N.  a™li>:  I"' 
N.  vestibuli. 

F.  W.  Mott,*  in  a  most  convincing  series  of  experiiwii'' 
describes  the  course  of  the  fibres  from  the  nucleus  fonif^ 
gracilis  et  cuneati  through  the  internal  arouates,  decosaii^ 


•  Mott,  F.  W.  Experimental  Enquiry  upon  the  Afferent  TncL'  »i 
Central  Nervous  System  of  the  Monkey.  Braio.  Lood.,  vol.  iriii''' 
pp.  1-20. 
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of  the  lemniscus,  interolivary  layers,  and  medial  lemniscus  as 
far  as  the  diencephalon.  He  followed  degenerated  fibres  in 
the  monkey  as  far  as  the  ventro-lateral  part  of  the  thalamus, 
where  the  degeneration  appeared  to  cease. 

Tschermak  *  has  very  recently  attacked  the  problem  again 
in  Flechsig's  laboratory  at  Leipzig.  He  destroyed  the  nuclei 
of  the  dorsal  funiculi  on  one  side  in  three  cats,  and  studied 
the  degenerations  by  the  method  of  Marchi.  He  distinguishes 
four  neurone  systems,  the  perikaryons  and  dendrites  of  which 
are  situated  in  the  nuclei  of  the  dorsal  funiculi :  (1)  An  un- 
crossed system  from  the  nuclei  of  the  dorsal  funiculi  to  the 
cerebellum ;  (2)  a  crossing  system  from  the  nuclei  of  the  dor- 
sal funiculi  to  the  cerebellum ;  (3)  a  crossing  system  from  the 
nuclei  of  the  dorsal  funiculi  to  the  thalamus ;  and  (4)  a  cross- 
ing system  from  the  nuclei  of  the  dorsal  funiculi  to  the  cere- 
bral cortex-t 

The  first  system  (uncrossed  system  from  the  nuclei  of  the 
dorsal  funiculi  to  the  cerebellum)  originates  mainly  in  the  pars 
lateralis  of  the  nucleus  funiculi  cuneati  [Burdachi],  the  medul- 
lated  axones  passing  partly  as  fibrse  arcuatae  extemsB  dorsales 
into  the  corpus  restiforme,  partly  directly  from  the  anterior 
extremity  of  the  nucleus  into  the  corpus  restiforme.  Col- 
laterals from  these  axones  are  given  off  to  Deiters'  nudeus 
in  passing.  Inside  the  cerebellum  where  the  fibres  of  the 
corpus  restiforme  divide  into  two  bundles — one  lateral,  the 
other  medial — the  fibres  of  the  system  under  consideration 
enter  the  medial  bundle  and  pass  through  it,  giving  off  col- 
laterals to  the  cerebellar  nuclei,  especially  to  the  nucleus 
fastigii  of  both  sides,  finally  terminating  in  the  vermis  inferior. 
This  neurone  system  behaves  much  like  the  uncrossed  dorso- 
lateral spino  -  cerebellar  system  (Flechsig's  direct  cerebellar 
tract,  the   fasciculus   spino  -  cerebellaris    dorso-lateralis),    and 

♦  Tschermak,  A.  Ueber  den  centralen  Verlauf  der  aufsteigenden  Hinter- 
strangbahnen  und  deren  Beziehungen  zu  den  Bahnen  im  Yorderseitenstrang. 
Arch,  t  Anat.  u.  Physiol,  Anat.  Abth.,  Leipz.  (1898),  S.  291-400. 

t  The  German  terms  are :  (1)  Das  ungekreuzte  Hinterstrangkern- Klein- 
himsytiem  {ungekreuzte  doraale  Nucleo-Cerebellarsyatem) :  (2)  Das  kreu- 
zende  Bintertirangkem-Kleinhimsystem  (kremende  dor  sale  Nucleo-Cere- 
belUxraystem) ;  (3  u.  4)  Die  beiden  kreuzenden  Hinterstrangkern- Gross- 
himsysteme  (Binierslrangkem'iraHptschleifensysteme);{S)=Das  Hinter- 
sirangkem-SehhugeUystem ;  (4)  =  Das  MirUerstrangkem-Orosshimrinden- 
system. 
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accordingly  the  lateral  part  of  Burdach's  nucleus,  or  so-caUed 
nucleus  of  Blumenau,  presents  certain  analogies  with  the  nu- 
cleus dorsalis  (Clarke's  column)  of  the  spinal  cord,  a  point  to 
which  G.  S.  Sherrington,  and  also  Blumenau,  have  aheadj 
called  attention. 

The  second  system  (crossing  system  from  the  nuclei  of  the 
dorsal  funiculi  to  the  cerebellum)  originates   mainly  in  the 
nucleus  funiculi  gracilis  [Golli],  but  also  in  part  from  the  pan 
medialis  of  the  nucleus  funiculi  cuneati  [Burdachi] .   The  mednl- 
lated  axones  run  as  fibrse  arcuatas  internse  to  the  raphe,  mixed 
with  similar  arcuate  fibres  of  the  third  and  fourth  systems.   Hir- 
ing arrived  in  the  stratum  interolivare  lemnisci  of  the  oppositt 
side,  the  meduUated  axones  of  the  second  system  run  between 
the  pyramis  and  the  nucleus  olivaris  inferior,  thence  along  tbe 
ventro-lateral  periphery   of  the  medulla  in  the  fibrse  circum- 
olivares,  partly  around,  and  partly  through  the  nuclei  funiculi 
lateralis,  to  reach  the  area  in  which  are  situated  the  fibres  of 
the  fasciculus  spino-cerebellaris  dorso-lateralis  (direct  cerebellar 
tract).     Mixed  with  the  fibres  of  the  latter,  the  fibres  of  tk 
system  we  are  considering  enter  the  medial  half  of  that  bundle, 
lateral  from  the  tractus  spinalis  nervi  trigemini,  which,  head- 
ward,  grows  so  rapidly  in  volume,  and  further  on  the  fibre?  m 
situated  in  the  medio-ventral  part  of  the  corpus  restifonne. 
After  giving  off  collaterals  to  Deiters'  nucleus,  the  fibres  of  this 
system  enter  the  lateral  bundle  (of  the  two  fasciculi  into  whA 
the  corpus  restif  orme  divides),  give  off  collaterals  to  the  nucleus 
dentatus,  and  ultimately  terminate  in  the  cortex  of  the  venni' 
superior,  chiefiy  on  the  corresponding  side,  but  partly  by  war  of 
the  superior  cerebellar  decussation  in  the  cerebellar  corteiof 
the  opposite  side. 

The  tfiird  system  (crossing  system  from  the  nuclei  of  * 
dorsal  funiculi  to  the  thalamus)  and  the  fourth  system  (cro* 
ing  system  from  the  nuclei  of  the  dorsal  funiculi  to  tb 
cerebral  cortex),  as  described  by  Tschermak,  will  be  codsk^ 
ered  a  little  further  on,  when  the  lemniscus  medialis  is  fr 
cussed  more  in  detail  (Chap.  XLVII).  In  the  same  place*  I  J^ 
results  of  the  studies  of  human  pathological  cases  will  1>^  f  ^. 
taken  up.  f  *ei^ 

The  method  of  Golgi  has  afforded  interesting  results,  e^ 
cially  concerning  the  collaterals  of  the  neurone  systems  orip^  I ,  *  ^ 
ing  in  the  nuclei  of  the  dorsal  funiculi.     The  work  thus  hrrA  I  .^ 
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this  procedure  has  been  done  by  Held,*  v.  Kolliker,t  Ramon  y 
Cajal,|  and  Blumenau.^  The  collaterals  from  the  axones  of  the 
neurone  systems  on  the  way  to  the  cerebellum  have  been  re- 
ferred to  above.  Still  more  interesting  are  the  findings  regard- 
ing the  collaterals  from  the  axones  of  the  neurone  systems 
pertaining  to  the  lemniscus  medialis.  Thus  from  the  fibraa 
arcuatse  internae,  before  reaching  the  decussatio  lemniscorum, 
there  are  collaterals  given  off  to  the  nucleus  X.  hypoglossi,  and 
to  the  formatio  reticularis  grisea  (in  this  region  represented  by 
the  nucleus  centralis  inferior  Flechsigi  and  the  nucleus  lateralis 
inferior  Flechsigi).  On  the  far  side  of  the  raphe  where  the 
meduUated  axones  run  in  the  stratum  interolivare  lemnisci, 
long  collaterals  are  given  off  which  pass  chiefly  by  way  of  the 
hilus  into  the  cavity  of  the  nucleus  olivaris  inferior  to  termi- 
nate in  among  the  perikaryons  and  dendrites  situated  in  the 
much  wrinkled  gray  capsule  which  this  body  represents.  Pass- 
ing headward,  the  main  axones  enter  the  lemniscus  medialis, 
arriving  there  by  plunging  through  between  the  transverse 
fibres  of  the  corpus  trapezoideum,  and  then  follow  the  course 
of  the  lemniscus,  many  fibres  going  as  far  as  the  diencephalon. 
In  the  pons  where  the  lemniscus  medialis  forms  the  floor  of  the 
pars  dorsalis  pontis,  large  numbers  of  collaterals  are  given  off 
to  the  adjacent  masses  of  gray  matter.  Among  these  may  be 
mentioned  (1)  collaterals  to  the  nucleus  centralis  medius,|| 
especially  to  its  ventral  part ;  and  (2)  collaterals  to  the  nuclei 
pontis,  those  large  masses  of  substantia  grisea  situated  among 


*  Held,  H.  BeitrSge  zur  feineren  Anatomie  des  Kleinhims  und  des 
Tlirnstammes.  Arch.  f.  Anat.  11.  Physiol.,  Anat.  Abth.,  Leipz.  (1893),  S. 
435-446. 

}  V.  Kdlliker,  A.  Handbuch  der  Gewebelehre  des  Menschen,  6.  Aufl., 
X^ipz.  (1896). 

X  Ramon  7  Cajal,  S.  Beitrftge  zum  Studiura  der  Medulla  oblongata,  etc. 
Xleiitsche  Uebersetz.  von  Bresler,  Leipz.  (1896). 

•  Blomenau.  Des  noyaux  du  cordon  post^rieur  et  la  substance  de 
l^Iando  dans  la  bulbe.    Neurol.  Centralbl.,  Leipz.,  Bd.  xv  (1896),  S.  1129. 

I  This  nucleus,  so  designated  by  P.  Plechsig,  appears  to  correspond  to 
^^.  V.  Bechterew's  Nucleus  reticularis  tegmenti  pontis ;  the  latter  author 
»«parates  the  ventral  portion  of  the  nucleus,  that  resting  directly  upon 
oi"  even  penetrating  among  the  fibres  of  the  medial  lemniscus,  from  the 
"^ain  mass,  and  calls  it  the  medicUer  Schleifenkem,  to  distinguish  it  from 
'  ^e  more  laterally  placed  nucleus  lemnisci  lateralis,  or  latercUer  Schleifen- 
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the  fasciculi  longitudinalee  aod  fibrs  transversae  in  the  p 
baaiUria  pontia  (Fig.  386). 


Fio.  3Se. — A,  transvene  « 
■    "•of  the  illustratioi 

jr  portiuQ  of  the  p 

Bed.)    A'h.c.),.  nacleiiB  centralis  superior;  JVu.J.I..DUc]euB  lemnisci  li 
.Vu.a.i..   nucleus  olivaHa  superior;    A'u.fi..  nuclei  pontia:   .Vi.r.l..  >■''* 
rvticularii  Itgmenti ;  N.  V..  raidii  ?1.  trigemini ;  R.d.n.V.,  ndix  duns** 
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In  the  mesencephalon  collateral  branches  (and  possibly  ter- 
tninals  of  stem  axones  also)  go  from  the  azones  of  the  lemniscus 
medialis  to  (1)  the  nucleus  colliculi  inferioris,  (2)  the  strata 
^sea  colliculi  superioris,  (3)  the  nucleus  lateralis  superior 
Flechsigi,  (4)  the  nucleus  centralis  superior,  (5)  the  nucleus 
commissurse  posterioris  {obere  Oculomotor  tusker  n  of  Darksche- 
vntsch),  (6)  the  stratum  griseum  centrale  {centrale  Hohlen- 
grau)^  and  (7)  the  substantia  nigra. 

(mesencephalica)  nervi  trigemini ;  St.gr. c,  stratnm  griseum  centrale.  Bed — 
IS,  fibres  of  the  lemniscus  medialis  pertaining  to  the  nucleus  funiculi  cuneati ; 
10,  scattered  bundles  in  the  lemniscus  medialis ;  17,  region  of  scattered  fibres 
which  develop  late  in  the  lateral  field  of  the  formatio  reticularis ;  19,'  lem- 
niscus lateralis.  Yellow — 10,  fibres  of  lemniscus  medialis  originating  in 
nucleus  funiculi  gracilis  ;  22,  fibres  from  the  region  of  the  coUiculus  inferior 
to  the  nucleus  reticularis  tegmenti  and  to  the  pons.  VioUi—SS,  fibres  of 
fasciculus  centralis  tegmenti  {centrale  Haubenbahn) ;  f^*  fibres  passing  by 
the  raphe  from  the  nuclei  pontis  to  the  formatio  reticularis  grisea ;  S8,  fibres 
of  the  spinal  bundle  (von  Bechterew)  of  the  brachium  pontis;  45,  S9,  42,  dif- 
ferent bundles  in  the  brachium  coigunctivum.  Blue — 4*  fasciculi  longi- 
tudinales  (pyramidales)  \  26,  fibres  of  medial  accessory  bundle  in  lemniscus 
medialis  (to  motor  nuclei  of  cerebral  nerves) ;  4^,  fibres  of  cerebral  bundle  of 
brachium  pontis ;  60,  frontal  cerebrocorticopontEil  path  ;  51,  temporo-occipital 
cerebrocorticopontal  path.  Green — 9,  fasciculus  longitudinalis  medialis;  8, 
fibres  which  represent  the  pontal  continuation  of  the  fasciculus  lateralis  pro- 
prius  of  the  spinal  cord ;  4^1  conmuasural  bundle  lying  ventralward  from  the 
brachium  coigunctivum. 

B,  transverse  section  through  the  brain  stem ;  level  of  pedunculi  cere- 
bri. The  right  half  illustrates  the  level  of  the  colliculus  inferior,  the 
left  half  that  of  the  colliculus  superior.  (After  W.  von  Bechterew,  1894, 
somewhat  modified.)  Aq.c,  aqueductns  cerebri;  C.p.m.,  corpus  genicula- 
tum  mediale;  Cm.,  corpus  mammillare;  C.8.,  coUiculus  superior;  N.JV, 
radix  N.  trochlearis;  Nu.e.i.,  nucleus  colliculi  inferioris;  Nu.f.l.m.,  nu- 
cleus fasciculi  longitudinalis  medialis  or  nucleus  commissursB  posterioris 
{obererOculomotariutkem  of  Darkschewitsch ) ;  Nu.l.l.,  von  Bcchterew's  (hr- 
mu  par<dngeminum;  Nu.l.it.,  nucleus  lateralis  superior  of  Flechsig  [mideus 
tnnominatuM  of  von  Bechterew);  Nn.n.JII,  nucleus  nervi  oculomotorii ; 
iVtc.r.,  nucleus  ruber;  ^.n.,  substantia  nigra;  St.gr.e.,  stratum  griseum 
centrale.  Bed — 19,  fibres  of  lemniscus  lateralis  which  enter  colliculus  in- 
ferior: 29,  fibres  of  brachium  quadrigeminum  inferins  from  the  colliculus 
inferior  of  the  same  and  of  the  opposite  side ;  IS,  fibres  of  the  lemniscus 
medialis  originating  in  the  nucleus  funiculi  cuneati ;  IS',  fibres  of  the  lem- 
niscus medialis  going  to  the  corpora  quadrigemina  ;  10^,  scattered  bundles  of 
the  lemniscus  which  go  over  into  the  basis  pedunculi ;  17,  region  of  the  scat- 
tered fibres  ( late  to  develop)  of  the  formatio  reticularis.  Yellow — 10,  fibres 
of  lemniscus  medialis  from  the  nucleus  ftiniculi  gracilis ;  28,  fibres  from  the 
nucleus  colliculi  inferioris  to  the  thalamus  (according  to  von  Bechterew) ; 
56,  fibres  from  the  colliculus  superior  to  the  cerebral  cortex.  Violet— S9,  42, 
45,  fibres  of  the  brachium  coigunctivum  before  their  entrance  into  the  red 
nucleus ;  47,  48,  fibres  from  the  red  nucleus  to  the  nucleus  lentiformis,  the 
thalamus,  and  the  cerebral  cortex  (these  are  the  radiations  of  the  red  nucleus ) ; 
S5,  fibres  of  the  fiisciculus  centralis  tegmenti  (centrale  Haubenbahn ).  Green — 
9,  fasciculus  longitudinalis  medialis ;  SI,  fibres  of  the  dorsal  part  of  the  com- 
mifisnra  posterior ;  Sl\  fibres  of  the  ventral  part  of  the  commueura  posterior ; 
27,  fiisciculus  n»trofiexus  Meynerti ;  S2,  fasciculus  thalamomammillaris  ( Vicq 
d'Azyri);  25',  fasciculus  pedunculomammillaris  pars  basilaris  (pedunculus 
corporis  nwmmillaris) ;  58,  fibres  from  the  substantia  grisea  of  the  colliculus 
superior  to  the  region  of  the  nucleus  ruber  of  the  opposite  side.  Blue — 4* 
faficiculi  longitudinales;  (pyramidales);  50,  fibres  of  frontal  cerebrocorti- 
copontal path  (medial  bundle  in  basis  pedunculi);  51,  fibres  of  occipito- 
temporal cerebrocorticopontal  path  (lateral  bundle  in  basis  pedunculi);  26, 
fibres  of  the  accessory  mindle  of  the  lemniscus ;  26",  fibres  connecting  the 
substantia  nigra  with  the  cerebral  hemispheres. 
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Further  on  in  the  hypothalamic  region  of  the  diencephalon 
the  studies  with  Golgi's  method  have  thus   far  not  yielded 
wholly  satisfactory  results,  owing  in  large  part  to  the  complei- 
ity  of  the  region  and  the  paucity  of  our  general  knowledge 
oonceming  it.    Held,  however,  observed  with  silver  chromate 
impregnation  large,  coarse  axones  which  enter  the  ventral  put 
of  the  thalamus,  where  they  divide  manifoldly,  and  form  thick 
feltworks  of  fine  branchings  extending  for  considerable  dis- 
tances.   He  made  out  that  these  axones  come  in  part  from  the 
bands  of  white  matter  dorsal  to  the  nucleus  hypothalamiciis, 
(corpus  Luysii),  and  concluded  that  they  correspond  t4)  the 
fibres  of  the  sensory  cerebral  paths  (both  lemniscus  medialis 
and  brachium  conjunctivum),  and  accordingly  made  the  st4t^ 
ment  that  at  least  a  portion  of  these  paths  does  not  extend  all 
the  way  without  relay  to  the  cerebral  cortex,  but  that  the  nett- 
rone  systems  concerned  terminate  definitively  in  the  thalamus. 
This  observation  is  a  pleasing  confirmation  of  the  views  baeed 
upon  the  study  of  pathological  degenerations  in  human  beings 
with  Weigert's  method  (von  Monakow,  Mahaim),  and  upon  the 
examination  of  the  central  nervous  systems   of  experimentil 
animals  (Singer  and  Munzer,  F.  W.  Mott,  Ferrier  and  Tnmfr, 
Tschermak). 

The  studies  of  Blumenau  with  the  method  of  Golgi  proTed 
that  the  axones  of  the  cells  of  the  nucleus  funiculi  gracilis, 
together  with  those  from  the  pars  medialis  of  the  nucleus  h- 
niculi  cuneati,  pass  chiefly  in  arches  to  the  raphe,  where  ihej 
cross  to  the  opposite  side  and  assume  a  longitudinal  directioa 
in  the  stratum  interolivare  lemnisci.  A  number  of  these  fibres 
bifurcate  in  the  interolivary  layer,  one  limb  ascending,  tk 
other  descending.  He  could  follow  the  axones  of  the  hm 
perikaryons  in  the  pars  lateralis  nuclei  funiculi  cuneati  into 
the  corpus  restiforme. 

It  is  obvious,  therefore,  that  in  addition  to  carrving  im- 
pulses for  long  distances  cerebralward,  the  neurone  svstefflj 
under  consideration  are  well  adapted  for  playing  an  important 
r61e  in  connection  with  the  complicated  reflex  activities,  thf 
centres  for  which,  it  is  believed,  are  situated  in  the  medolla  «i«i 
pons. 


CHAPTER  XL. 

THE   NUCLEUS   DORSALIS   AND   THE  ASCENDING    DORSO-LATERAL 

SPINO-CEREBELLAR   NEURONE   SYSTEM. 

-Clarke's  column  or  the  nucleus  dorsalis — Perikaryons  and  dendrites — Axones 
of  direct  cerebellar  tract — Myelin ization — Relation  to  corpus  restiforme 
— ^Terminations  in  cerebellum — Collaterals  to  nucleus  dentatus. 

{cujt  b)  We  have  seen  that  collaterals  and  terminals  from  a 
certain  definite  region  of  the  dorsal  funiculi  of  the  spinal  cord, 
namely,  those  from  the  middle  area  of  the  fasciculus  cuneatus 
(part  of  Fleschsig's  middle  root  zone),  enter  and  terminate  in 
the  nucleus  dorsalis  (Clarkii,  Stillingi).  This  longitudinal 
column,  described  by  Lockhart  Clarke  *  as  the  "  posterior  vesic- 
ular column,"  and  called  "  Clarke's  column  "  by  von  KoUiker, 
seen  in  cross  section  of  the  thoracic  spinal  cord  on  the  medial 
side  of  the  neck  of  the  dorsal  horn  of  gray  matter  on  each  side, 
extends  uninterruptedly  from  the  level  of  the  third  lumbar 
nerve  below  to  that  of  the  seventh  cervical  nerve  above  (Fig. 
387,  C  and  D).  Corresponding  masses,  separated  from  the  main 
column,  are  found  in  the  sacral  and  cervical  regions ;  that  in 
the  sacral  cord  is  situated  at  the  level  of  origin  of  the  second 
and  third  sacral  nerves,  and  is  known  as  the  "  sacral  nucleus  " 
of  Stilling.f  The  "  cervical  nucleus  "  is  situated  at  the  level 
of  the  third  and  fourth  cervical  nerves.  In  many  respects  the 
pars  lateralis  of  the  nucleus  funiculi  cuneati,  or  Blumenau's  nu- 
cleus in  the  medulla,  corresponds  to  the  nucleus  dorsalis  of  the 
Bpiual  cord. 

In  the  nucleus  dorsalis  are  situated  rather  large  multi- 
2>olar  cells  with    numerous   much-branching  dendrites   (Fig. 


•  Clarke,  J.  L.    Phil.  Tr.»  Lond.  (1851),  Pt.  IT. 

f  Stilling:,  B.    Neue  Untersuchungen  ueber  den  feineren  Ban  des  ROck- 
mmarks.    Cassel  (1859),  4to. 
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3SB).  Ramdn  j  Cajal  and  von  Lenhossek  divide  the  cells  in 
this  nucleus,  the  majority  of  which  are  multipolar,  into  tvo 
groups — (I)    stellate   or    polygonal;    (2)    spindle-shaped  d^ 


Fig.  387.— Cnes  sections  through  the  hnman  iqiinal  cord,  stained  with  aimit- 
(AlttT  H.  ObpnjtfiDfr.  AnleitunK  beim  Studiani  des  Bbu«s  d«  nrrwi 
('i'litralurKBiiPimKesiindi'D  und  kranken  Zusbmde,  III.  Aufl..  Lripi.  a. Wiri. 
ISO),  a  227,  Fift*.  96-102.)  A,  traDSVoree  Bcctiuii  Ht  the  IfTpl  of  Vni-.tf. 
vonimiasum  grisea;  Ap,  spei  columns  doiBilU;  Cn,  cominiieiin  vmIk^ 
alba:  Cc,  ranalle  centralis:  Cm,  commiffiura  medullte  spinalis:  Crw-terf 
Tenttalis:  Crp,  comu  dorsalia;  .^a.  Tuniculiu,  ventiHliR :  FkB,  [urinl>> 
cuneatua  Burdachi ;  Fnd.  fnsciculna  giacilis  GolU  ;  Fnl.  fnuiculin  lilrnl*. 
Fila,  RBBiira  mediana  ventralig;  f^lp.  snlme  inrdianus  doisBlis:  it.  nw 
eolitariua  ;  Pr.  fonoatio  reticularis  ;  Ba.  radii  Tentralie  ;  Rp,  radix  durate. 
Sj,  Butetantia  gelatinosa  Roiaudi ;  Sid,  sulcus  lateralia  doraalis  ;  .SaBt  wpn" 
mfdianum  dotriali' ;  Npd,  septum  iutermedium  doisale ;  Til,  tiactw  "^ 
medio  lateralis.  B,  transverse  section  at  the  level  of  C  vi ;  Prm,  prww* 
cervicalia  medius  cortiu  ventralia ;  TU.  culumna  intermedio-iatenlii  '- 
transvcnie  section  at  the  level  of  T  iii ;  CCI.  nucleus  doraalis  Oirkii.  D 
tranaveree  section  at  the  Itivel  of  T  lii ;  CCI,  miclcns  dorsalia.  E,  tnimn* 
section  at  the  level  of  L  v  ;  m.  medial  cell  group  of  the  coma  Trnmlii.  ^• 
lateral  Tentral.  M,  lateral  dorral,  and  c,  central  cell  group.    F,  tmtfT«> 


, -.  ...1  group. 

t  the  level  of  S  iii  i  m,  medial.  Id,  latFral-dursal  ce     „     . 
tiansverae  section  through  tlie  lower  part  of  the  conus  tnediillina  it 

level  of  origin  of  the  N.  coccygeus. 
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ments.  Mann  *  has  reconatrticted  exampleB  of  the  nerve  cells 
of  this  nucleus,  one  thousand  times  enlarged.  He  asserts  that 
the  cells  are  essentially  bipolar  (in  agreement  with  Jlott),  and 
that  they  send  one  axis  cylinder  upward,  the  other  downward. 


~Fia,  3^  — Xcrve  cell  from  the  narleiis  donalls  of  n  hiimsii  I'mhiyo  33  cm.  Inns. 
Mitli.Kl  uf  Qolgi.  lAKiT  M.  von  l*uhij»rfk,  Der  fcinere  Bau  des  Ni-rven- 
HvsU-nu.  ftt..  Bvrl..  II.  Aud..  1S»S,  S.  347,  Fig.  53.  |  The  Hione  of  tbc  ci'll 
Mhown  at  the  upper  left  uf  figure  bcronies  the  axJH  cylliuler  iif  a  medullutt-i] 
fibre  of  the  fcsciculus  cerctwllo-gpinalis  lot  direct  cerelwllar  tract i. 

"The  axones  of  most  of  the  cells  situated  here  pass  out,  though 
sometimes  rather  indirectly,  to  the  fasciculus  cerebello-spinalis 
^direct  cerebellar  tract  or  KleinJtirnseUen»trangbahn  of  Flech- 
sifr)  of  the  same  side.  Flechsig's  \  studies  of  myelinization 
<Fig.    389),  and    those  of    Mott,I    and    especially   of    II.   T. 

•  Mano,  G.  SlruRture  of  Nerve  Colls  as  shown  by  Wax  Models,  Ea- 
fmn  of  the  Sixty-siith  Meeting  of  the  British  Association  lor  the  Advanee- 
wnent  o(  Science,  held  nt  Liverpool  in  1896.  pp.  880-881. 

tFlcchsig,  P.    Die  Leitungsbahncn  im  Gehirn  und  Rnckenmark,    Leipi. 

<  1S78).  s.  aw. 

t  Mott,  F.  W.  Microscopical  Eiaminatioii  of  Clarke's  Column  in  Man. 
:* he  Monkej,  and  the  Dog.    J.  Aiiat.  and  Ph jsiol.,  Lond.,  vol.  xxii  (1887-88), 
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Patrick  *  on  secondary  degenerat  ons  made  t  almoet  certia 
that  the  axones  of  the  cells  of  the  nucleus  dorsalis  pass  uptrani 
in  this  tract     The  actual  p  oof  of  th  a  has    t   b  sa  d  been  hr 

FanKlUtu  la  eralit 


Fio.  38S.— Fmntn  ng  aim  ae  on  a  th  on  n  of  h  pan  honfibH' 
punt  lumballs  of  the  Hpinal  can),  illuatntting  the  relntion  or  the  □ndnB'*'' 
nnlis  to  the  faeciculua  apino-ct'rebeMamdorsi>-lati.-niliR.  (Aftrr  P.  T\tehsiL 
Vie  Lfitungshahnen  im  Gfihim  und  Riivkenmark  lies  MenKchfD.  *lc,  Uili- 
ISTfl,  Tar,  xviii.  Fig.  3. )  b,  bundle  from  the  nucleus  donnlis  lo  thr  diii«< 
cerrbrllar  tract,  the  horizonlal  direction  heing  maiataineil  until  the  nmjuf 
purt  of  tlie  latter  is  reached  ;  e,  fasciculus  ccrebm-spinitlis  iHtrTslL-^.  -i  *■ 
Btantia  alba  (limiting  Inyer) :  <.  medullaled  axones  miin  uucletaduvln'' 
fasciculus  spino-ccrebcllariB  doraolatenilis  Idiivct  cerfhellar  tncD:  '-^ 
taking  a  uteplike  course,  doubtless  belonging  to  the  diivct  cerehrLlir  tw 
z,  fibre  bundle  uf  unusual  course  near  the  iiuclens  dor^is :  y.  Gbie  handle 
which  bend  around  out  of  the  horiiont*!  direction  to  descend  lontitwliiB!.'' 
(nature  doubtful). 

nished  by  Laura.  The  axones  are  very  long,  running  the  wlioti 
length  of  the  spinal  cord  to  the  medulla,  whence  they  pitf^ 
way  of  the  corpus  restiforme  into  the  cerebellum.    The  fi^rt' 

pp.  479-495.— The  Bipolar  Cells  of  the  Spinal  Cord  find  their  ConDwii* 
Brain,  Lond,,  vol.  liii  (1890),  pp.  433-448. 

•  Patrick,   H.  T.     On   the   Course   and   Destinfttion   of   Goweis'  Taf- 
J.  Nerv.  and  Ment.  Dis ,  N.  Y.,  vol.  ixiii  (1896),  pp.  85-107. 


( 


GROUPING  AND  CHAINING  TOGETHER  OP  NEURONES.      585 

which  in  the  adult  are  of  a  very  large  calibre  become  medul- 
lated  at  a  later  period  in  the  embryo  than  those  of  the  lateral 
ground  handle. 

In  the  thoracic  cord  the  medollated  azones  of  the  un- 
crossed dorso-lateral  spino-cerebellar  tract  which  we  are  here 
considering  make  up  a  rather  narrow  stripe  at  the  periphery  of 
the  dorBal  half  of  the  lateral  funiculus.  They  thus  occupy  the 
region  between  the  lateral  pyramidal  tract  and  the  surface  of 
the  cord,  and  are  situated  dorsally  as  regards  Gowers'  tract 
(Fig.  390).     The  fibres,  corresponding  to  the  location  of  their 


!Fro.  3B0. — flchcTnatir  tranjtversp  Bertion  throDEh  the  pani  cerviralis  of  the  me- 
rlullii  Hpinnlig.  i  Aflcr  H.  Oberstciner,  AnUituns  bpim  Stiidium  rlen  Baiicsiler 
nervlwdi  Cvntralorgane,  «<■.,  III.  Aufl.,  Leiiiz.  u.  Wicn.  189S,  S.  357.  Fig.  118.) 
B,  faKriciilna  runcataa  Burdacbi :  Oi.  conmiisiiuni  TontnilU:  Cba,  ronm  vi'u- 
traliH ;  fop,  cnrnu  dormlls ;  (i.  fawivulus  Tcntro-lateraliH  Gowi'rai ;  tlf!,  fua- 
I'k'ulug  Kincjlii'  OoUi ;  Of^  inixe<1  bundle  of  fuDinilag  lateralis  ;  IT<i,  dorso- 
iRtt-rnl  field  of  fimicnlus  dorHalU;  if,  tntcmiediiiiT  handle  of  faniculuB 
latt'TsliH :  A'^.  tkiwiniluii  cerebellivspinalia  or  dircet  cerebellar  tract  of  Flech- 
si(t :  /..  LiiimHer'B  fancimlua;  n.  marginal  zone:  Pgfi,  IsBeiculuii  cerehro- 
opinalN  lateraiiH  or  lateral  pyramidal  tract;  iV )'.  faiKicnlun  cerEhr»«pinalia 
vpiitmliH  or  ventral  pyramidal  trart ;  R,  HUbBtaotia  gelatinoaa  Rolandi:  Ra, 
radix  ventralis:  Up,  radix  diiTNaliii ;  fC,  comma  nf  Hchultxe:  fd,  Intpral 
liniitinK  layer  ;  )^c  gulntBiitin  gplBllnon  rentraliH;  VfJ.  GtsciculuK  ventralis 
pmpriug;  rH.  ventral  Held  uf  dorsal  funicnli ;  m,  fiwciculuB  aalcn-Disrsinalis ; 
IT,  dorsal  nxrt  flbre. 

<^*'ll8  of  origin,  appear  first  in  the  uppermost  part  of  the  lum- 
bar cord,  and  gradually  increase  in  mass  as  the  cord  is  ascended, 
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owing  to  the  continued  accession  of  new  fibres  from 
cleus  dorsalis  at  successive  levels.  At  the  janction  ol 
rical  cord  with  the  medulla  oblongata  this  fasciculus  ( 
sp  oal  s  Flecha  gi  comes  to  oc  ipy  the  angle  between 
matter  of  th  dorsal  horn  and  the  lateral  surface  of 
The  fibres  become  d  splaced  dorsaiward  and  help  to  I 
corpus  restiforme  be  ng  the  ear  est  of  the  fibres  of  t 
bundle  to  become  meduUated  {h  g   3  1)      The  fibre 

Radtr  deacendena  fm 


t   301     Trans    p*  sec   on    hn    )th  nppcr    I  rd  of  lupil     t  <*    I 
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direct  cerebellar  tract  are  mednllated  at  the  fifth  month  of 
fcetal  life  (Bruce).  In  fcetusea  from  25  to  27  cm,  long,  one  can 
follov  these  medullated  axones  in  aerial  eectiona  up  through  the 


SM!  Fn  nta  s«  un  Tmedul  a  h  ngata  and  rerc  >«  urn  tiv  m  n  hs 
ftetus  at  level  of  last  (piuximal)  portTcm  of  nuiU-us  Gutiftii.  The  nucleug 
kI'^hbiis  confdsts  of  scvcml  i»rts.  (After  Suncte  de  SudcIih,  MonattBclir.  f. 
I'sychut.  u.  N'euml..  Berl.,  Bd.  iv.  ISW.  p.  216.  Fig.  T.)  C.a..  lar^e  antvriur 
dpcuwation  commiBBUi* ;  C.I).,  ci)rpUB  deiitatum  seu  riliare ;  C.r..  corpus 
rtKti forme :  E,  nucleus  emboUfoniiis :  Fie,  fluci'Ulun.  with  tla  pedunele;  F.f.l., 
flhne  gem  i<i  re  u  lares  lateral  !■«  :  F.^.n..  fibne  wmieireulares  mcdiales;  'f. 
Diii-li'Us  Elohwus:  n.d.a.,  nucleus  iiervi  restihuli :  H.f.,  nurleun  fastiKli : 
r.  I",  lraetii»  spiiuiliB  nervi  trigemini ;  l.b.c.,  nucleuti  nervi  cochleip  dorealis. 

corpus  restiforme  to  their  terminations  in  the  vermis.  They 
pass  by  the  anterior  part  (giving  ofl  collaterals  to  it)  of  the 
corpus  dentatuin  mainly  on  its  lateral  side  to  pass  out  to  the 
cortex  of  the  dorsal  and  proximo-ventral  portion  of  the  vermis, 
partly  on  the  same  side,  but  to  a  great  extent  by  way  of  the 
large  commissure  (Figs.  39'^  and  .393)  also,  on  the  opposite  side, 
where  the  fibres  enter  the  gray  substance,  lose  their  myelin 
sheaths,  and  terminate  by  end -ramifications  in  among  tlie  nerve 
cells  and  their  processes  situated  there.  Another  smaller  por- 
tion of  the  corpus  restiforme,  its  so-called  "  medial  bundle," 
passes,  partly  medially  and  ventrally  as  regards  the  cerebellar 
nuclei  (nucleus  dentatus,  nucleus  globosus,  nucleus  emboli- 
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innH«*^p  W  termiiiate  chit^r  in  liie  mtuix  c€  like 
ismie  of  the  fil:^re€,  bavertr.  pas  tlarcHi^  i^ 
bejji   infmor^  otberf  tkrc^ngii   the  iBt£r£isa^;2a]l 
It  U  uot  iFurprifiiig.  thcrefor^u  ihdct  some  taae 
th<e  farcical  us  in  the  npper  ccnieal  eord  in 
Ton  Monakow  sbonld  find  that  th&e  had 
the  corresponding  half  of  the  Tennis.    The 
cupied  bj  these  fibres  is  shown  in  Fig.  3$»4^ 
the  faacicolni  oeiebello-^inalis,*  all  the  vaj 


Flo.  808.— Frontal  ncction  of  medulla  oblongata  and  cerebellum  of  seven  months 
fwtUH  at  level  of  proximal  extremity  of  nucleus  fastijgii  and  nucleus  ^f*- 
tatUH.  (Aft4»r  fiancte  de  Sanctis,  MonatsHcbr.  f.  Psyehiat.  u.  XeuroL,  BriL 
Hil.  iv,   1898.  p.  277,  Fig.   8.)    B.C.,  bracbium  coigunctivuiu ;  (\r,,  cctf^ 


tivum,  n»lated  to  Deiters' nucleus ;  F.S.L^  fibrse  semicircolares  latenlrs; 
F.S.m.,  flbne  M^micirculares  mediales ;  /.t,  transverse  fibres  belonging Wtkf 
large  ant4«rior  commissure ;  i./.,  interfastigial  decuasition. 


*  On  account  of  the  direction  in  which  impulses  are  condact^d  bj  t^ 
tract  it  is  unfortunate  that  it  has  been  designated  a  eerebeiUf-^nat  fam- 
ulus :  it  would  be  more  appropriate  to  apply  the  term  spino-tereMktt  t» 
the  bundle.  In  a  revision  of  the  nomenclature,  I  would  sogge^  that  f» 
cieulus  apifW'Cerebellaria  dorao-lcUeralis  be  considered  as  a  suitable  Dame  for 
the  tract. 
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thoracic  region  to  the  corpus  restiforme  in  the  medulla,  ia  situ- 
ated on  the  very  surface  of  the  cord  explains  why  in  diseases  like 
cerebrospinal  meningitis  it  is  especially  exposed  to  injury.* 


'tinn  through  rhainbenn'phnliin  nf  it 
DDcicus  ■uiiii-uii  cunvati  anil  i-orpuH  r«ttiriirr"  "■  -- 
FerriiT  knd  Turnor.  Phil.  Tr..  Lood.,  Tnl.  c 
,  mf,  iFDiiiiiH-iiM  nwdislU :  deircntnitjon  in  itn  dcml  jKirtii>n.  In  ci'ivhollum  «n 
nnht  Hide  »  A  lance,  fftn^hapi-d  wlpniHpd  htm  (a.eJ.  \  fnnnpd  chii-fly  by 
dinft  Hbn-K  from  the  nucleus  funiculi  ciiniiitl :  the  M-lcnwr<l  arr«  rrmt&iiiii  in 
additiun  flbroi  rram  the  dUcK-uh  funicoli  KTScilis  and  from  (he  ranciculus  rere- 
bclliMpinaliB.  e.p.l.,  tract  bi'tween  Ihe  cerehelium  and  Deiteni'  nncleiis; 
I'll.  tmctUA  BpinalJH  N.  triirrmini.  deftenentt'd  un  the  left  iddc  :  to.  nurli'UH 
olivariH  BUpi'iior;  e.rf.r.,  nucleus  dentatus  cerebelli ;  l',  N.  triKerainui! ; 
Vn.  nurkiin  S.  tacialU:  17//.  N.  nvtihuli. 

According  to  Patrick,  whose  studies  are  among  the  most 
careful  we  possess,  a  certain  number  of  the  fibres  of  the  fasci- 
culus do  not  enter  the  cerebellum  through  the  corpus  restiforme, 
but  pass  on'  further  headward  in  company  with  the  fibres  of 
Gowers'  tract. 

"  Barker.  L.  P.  On  Certain  Changes  in  the  Celts  of  the  Ventral  Horns 
and  oi  tbe  Nucleuf  Dorsalis  (Clarkii)  in  Epidemic  Cerebro-spinal  Mentngilis. 
Brit.  M.  J.,  Lond.  (1897),  ii,  pp.  1889-1841. 


CHAPTEK  XLL 

ox   frOWEKS'  TEACT   A3   A   Cf>MPLEX   OF    ITBR£-«TSTESS. 

Th«  fittcicnliM  rentro-Utermlis  sa|«TficiAl»  (G*)ww^i) — I>e;g^ii«t«£a3«5  m  tk 
TentnvUti^rml  regioti — I'pwmnl  cootinnatioti  of  Gow^rs*  tract — s^cmixf  jf 
Lo«wentbaL  AiieH)«*,  Mott,  Patrick,  Hocfafe.  and  otben — ^TW  »«tr- 
laterml  conjunct  iTal  spino-eerebellar  oeorocie  srscefn — Sensocy  erussaz 
of  Edinger — Tbe  Tentro-Iaterml  sapenor  spiiio-<|itadri^«iuBai  iwortt 
<iT9teiD — ^Tk«  rentro-Iateral  ^^no-thalamie  srstem — ReUtioos  to  tk 
lernniscus  lateralis — Roe^oHmo'^  studies — ^Tlie  infenor  sf)imo-<)iiiidii- 
geminal  neamoe  system — The  gpino-pedimrqlar  netuoae  srsicsi  h< 
the  sabotantia  nigra) — The  spino-Ientiformai  nearooe  sj^eis— Tim 
Tentro-lateral  spiDocerebeilar  restiformal  nearoDe  sr^teni. 

(ad  c)  The  cell  bodies  of  the  neurones,  the  axones  of  which 
go  to  make  the  fascicnlns  rentro-latendis  snperficialis  (Goweisi). 
ordinarly  known  as  Cowers^  tract,  are  situated  in  the  gnj 
matter  of  the  spinal  cord,  apparently,  partly  in  the  central  por* 
tion  of  the  yentral  horns,  partly  in  the  middle  zone  of  the  gnr 
substance  (y.  Lenhossek).  The  axones  of  the  fasciealus  comt 
in  part  directly  from  the  gray  matter  of  the  same  side  of  tbe 
cord  (axones  of  tautomeric  neurones),  in  part  indirectly  from 
the  gray  matter  of  the  opposite  side  *  of  the  cord  by  way  of  tbe 
yentral  commissure  (axones  of  heteromeric  neurones).  Tbe 
corresponding  bundle  of  meduUated  axones  in  the  white  matt^K 
which  bears  the  name  of  the  distinguished  English  neurologist 
Oowers,t  degenerates  upward  on  transyerse  lesions  of  the  coiA 


*  Ouamieri,  G.,  od.  A.  BignamL  Ricerchi  sui  centri  nervosi  di  an  am- 
putato.  Boll.  d.  Soc.  Lancisiana  d.  osp.  di  Roma,  vol.  viii  (1889).  pw  161 
The  reader  i8  referred  also  to  the  researches  of  Edinger  and  of  Mott. 

f  Oowers,  W.  R.  Diagnosis  of  the  Diseases  of  the  Spinal  Cord.  London 
(1897). — Bemerkungen  uel)er  die  antero-laterale  aufsteigende  DegeneiatioB 

iin  RQckenroark.     Neurol.  Centralbl.,  Leipz..  Bd.  t  (1886).  S.  97-99. Weiteir 

Bemerkungen  ueber  den  aufsteigenden  antero-lateralen  Strang.      XeuioL 
Centralbl.,  Ijeipz.,  Bd.  v  (1886),  S.  150. — On  the  Ant«ro-lateral  Ascending  Tnrt 
of  the  Spinal  Cord.    Lancet*  Lond.  (1886),  i«  p.  1153 ;  also  in  Asclepiad.  Loud, 
vol.  iii  (1886),  pp.  278-281. 
5fK) 
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a  fact  determined  by  Gowers  himself,  and  conlirmed  by  Tooth, 
Francotte,  Barbacci,  and  others.  The  size  and  position  of  the 
degenerated  area  varies  according  to  the  position  of  the  lesion, 
owing  to  the  circumstance  that  the  tract  is  made  np  of  fibres 
which  enter  it  at  various  segments  of  the  cord.  The  tract 
first  becomes  visible  in  the  uppermost  region  of  the  lumbar  cord, 
being  situated  on  the  surface  of  the  lateral  funiculus  ventrally 
and  laterally  as  regards  the  lateral  pyramidal  tract ;  it  increases 
notably  in  volume  aa  the  cord  is  ascended.  Higher  up  in  the 
thoracic  region  the  fibres  form  a  stripe  along  the  ventro-lateral 


FiQ.  395.— Tranaverae  nwtion  of  spinal  cord  at  level  of  the  foarth  cervical  »eg- 
nifiit  to  Nhow  aacunding  dPKcncTHtlon  of  Qoweni'  tiact.  (Atlet  F.  W.  Mott, 
Brain.  Li>nc].,  vol.  xv.  lsfl3.  p.  228.  Fik-  1.)  Thi-  degenerated  6hns  nre 
Hlikinpil  hluck  in  the  foBCiculuii  Kracilis.  Ju  the  rasciculus  Bpinocerebcllaris 
dorw^lHteraliH.  and  hi  the  fasciculus  ventru-latt-ralisHuperiicialia.  The  degen- 
eration  resulted  frum  hi'iuisci'tloniin  theright  sidc.Bt  tliu  Ivvel  uf  Ti  aud  Tii. 

aspect  of  the  cord  in  front  of  the  fasciculus  cerebello-spinalis 
Flechaigi,  but  among  them  are  mised  many  fibres  of  the  fascic- 
-nlua  ventralis  et  lateralis  proprius.  In  the  cervical  cord  Gowers' 
tundle  forms  a  more  extensive  and  more  compact  mass,  extend- 
ing from  the  direct  cerebellar  tract  of  Flechsig  behind  to  the 
-ventral  roots  in  front  (Fig.  395).  It  would  appear  that  many 
<r>I  the  fibres  in  the  tract  under  consideration  continue  up  for 
*>nly  a  short  distance  when  they  turn  In  to  end  in  the  gray 
TBatter  of  the  cord,  thus  representing  shorter  and  longer  longi- 
tudinal association  tracts  between  the  spinal  segments.    Thns, 
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in  human  cases,  where  a  spinal  lesion  has  existed  low  down  in 
the  cord  the  main  mass  of  the  ascending  degeneration  in 
Gowers'  tract  can  be  followed  as  a  rule  no  farther  up  than 
the  cervical  cord.  In  the  case  described  by  Gowers,  of  lesion 
in  the  upper  part  of  the  lumbar  enlargement,  it  was  impos- 
sible to  follow  the  degeneration  above  the  upper  part  of 
the  cervical  enlargement,  and  in  a  case  of  lumbar  paraplegia 
studied  by  Schaffer  *  with  Marchi's  method,  it  was  not  possi- 
ble to  follow  degenerated  fibres  in  Gowers*  bundle  above  the 
level  of  the  root  of  the  second  cervical  nerve.  MoreoTei, 
in  lesions  at  any  level,  the  number  of  fibres  degenerated 
decreases  progressively  as  successive  sections  in  an  ascending 
direction  are  studied.  According  to  the  observations  of  Bar- 
bacci  and  others,  the  longest  fibres  of  this  fasciculus  rnn  in 
the  parts  of  the  tract  situated  nearest  to  the  periphery  of 
the  cord. 

The  upward  continuation  in  the  medulla  of  Gowers'  tract 
has  been  the  topic  of  much  discussion.     A  number  of  investi- 
gators believe  that  a  portion  of  it  at  least  is  continued  directlr 
or  by  relay  into  the  medial  lemniscus.     Von  Bechterew,  who 
independently  isolated  the  fasciculus  as  a  separate  tract  bj  the 
embryological  method  of  Flechsig,  states  that  it  is  mednlkted 
at  the  beginning  of  the  eighth  month  of  foetal  life.    He  followed 
it  into  the  medulla  as  far  as  the  region  of  the  nuclei  laterales, 
where  it  lies  close  to  the  periphery  of  the  ventrolateral  surface. 
He  inclined  to  the  view  that  the  fibres  of  Gowers'  bundle  ter- 
minate in  the  more  ventral  of  the  two  nuclei  laterales.    It  n* 
early  shown,  however,  by  the  experiments  of  Loewenthal,t  tlut 
destruction  of  the  left  lateral  funiculus  in  the  dog  was  foflored 
by  a  degeneration  of  the  fasciculus  ventro-lateralis  superficialis 
which  could  be  followed  up  to  the  uppermost  part  of  the  pons. 
where  it  turns  dorsalward  in  order  to  pass  near  the  bmchinffl 
conjunctivum  through  the  velum  medullare  anterius  into  thf 
cerebellum.     At  that  time  Lowenthal   named    this  fascicolof 
the  "  ventral  cerebellar  path."    Similar  experiments. were  nia<> 

♦  Schaffer,  K.  Beitrag  zur  Flistologie  der  secundaren  negeii€rati«>n :  f-- 
gleich  ein  Beitrag  zur  RQckenmarksanatomie.  Arch.  f.  mikr,  Anau  B**^ 
Bd.  xliii  (1894),  S.  252-266. 

t  Loewenthal,  N.  D%^nerations  secondaires  ascendantes  dans  le  Hoi»' 
rachidien,  dans  le  pont  et  dans  Tetage  suporieiir  de  risthme.  Rev,  mt'J.'" 
la  Suisse  rom.,  Geneve,  t.  r  (1885),  pp.  511-633. 
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"by  Auerbaeh  *  with  the  aid  of  Marchi's  method ;  he  was  able  to 
follow  the  degenerated  fibres  to  their  terminatioD  in  the  ventral 
parta  of  the  euperior  vermis.  He  found  three  faeciculi  extending 
from  the  cord  to  the  cerebellum :  (1)  a  dorsal  cerebellar  tract 


Fia.  306, — Diugnmimatir  i¥pn.iieiitBti<in  or  the  courec  of  the  fibres  of  [betwo 
principsl  trariB  asrending  from  the  Bpinni  tord  tn  the  verebi-'llum.  (AfUr 
P.  W.  Uott.  Brain.  Lond..  vol.  xv.  1S92,  p.  219.  Fif;.  1.)  The  fuciiulus 
spi^o-^:e^ebellaril^velltn^lalenllis(^owen^ialld  the  fii»ifirulussp[oo*erebellarU 
dunn-latcralis  are  united  in  the  eord  und  in  the  lower  part  uf  the  medulla. 
The  bitter  passeK  into  the  eiirpuH  re«tifonne  and  terminates  in  the  dorml  por- 
tion of  the  superior  vermis.     The  former  remain«  Tentmlly  situated  u         " 


.  conju. 


(Flephaig'a  tract)  ending  in  the  dorsal  part  of  the  vermis  superior; 
(2)  a  ventral  cerebellar  tract  (Gowers'  tract)  ending  in  the  ventral 
parts  of  the  vermis ;  and  (3)  a  third  smaller  bundle  arising  in  the 

•  Auerbaeh.  L.  Zur  Anatomie  dcr  aiifsteifrend  ilegenerjerenden  S^tenie 
<\u  RQekcnmarks.  Atiat.  Anz ,  Jena,  Bil.  v(18ft0).  S.  214-210.— Zur  Anatomie 
der  VordenieitenstranKrcsle.  Arch.  f.  path.  Aiiat.,  etc.,  Berl.,  Bd,  cixi 
<1890),  a  100-209. 
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lumbar  cord  and  accompanying  Gowers'  tract  as  far  as  the  lerel 
of  exit  of  the  nervus  trigeminus,  where  it  left  the  latter  to  pssb 
through  the  corpus  restiforme  into  the  cerebellum  toward  the 
nucleus  dentatus.  The  exact  course  of  the  fibres  has  also  been 
very  carefully  worked  out  by  Mott  *  and  by  Schaefer  in  mon- 
keys by  means  of  experimental  section  and  subsequent  stndy 
by  Marchi's  method.  The  English  neurologists  find  that  in 
the  pons  the  fibres  "leave  their  ventral  situation,  forming  a 
loop  over  the  fifth  nerve ;  they  are  then  directed  obliquely  up^ 
ward  and  backward,  to  the  surface  of  the  superior  peduncle, 
forming  a  layer  of  fibres  continuous  with  the  valve  of  Vieussen? 
and  separated  from  the  peduncle  by  a  thin  layer  of  g«j 
matter ;  they  then  run  downward  on  the  posterior  surface  of 
the  peduncle  as  far  as  its  junction  with  the  cerebellum  at 
the  isthmus,  where  these  degenerated  fibres  can  be  seen 
streaming  inward  to  the  superior  vermis."  The  accompanT- 
ing  diagram  shows  in  general  the  course  of  the  two  principsl 
tracts  which  ascend  from  the  spinal  cord  to  the  cerebeDum 
(Fig.  396). 

In   human  beings,  however,  the  upward   continuation 
Gowers'  tract  above  the  medulla  was  first  followed  by  Patrick  f 
as  far  as  the  region  of  the  corpora  quadrigemina  (Fig.  397). 

He  found  along  with  the  degeneration  of  the  ventro-lateral 
spino-cerebellar  bundle  marked  degeneration  in  the  ktenl 
lemniscus.  In  1896  he  published  in  this  country  the  results  of 
his  experiments  on  cats  with  the  aid  of  the  method  of  Marchi. 
He  found  after  homisection  or  total  transverse  lesion  of  the 
spinal  cord  ascending  degeneration  in  the  region  of  Goweri 
tract  as  far  as  the  cerebellar  worm,  and  stated  that  whereas  tb 
dorso-lateral  spino-cerebellar  tract  terminates  in  the  dorsal  an<i 
proximo-ventral  portions  of  the  vermis,  the  fibres  of  the  ventru- 
lateral  spino-cerebellar  tract  are  ultimately  distributed  in  ti^ 
ventral  and  distal  dorsal  parts  of  the  vermis  as  well  as  to  tif 
lateral  lobe. 

•  Mott,  F.  W.    Ascending  Degenerations  resulting  from  Lesion?  o/ 1*^ 
Spinal  Cord  in  Monkeys.    Brain,  Lond.,  vol.  xv  (1892),  pp.  21^229. 

t  Patrick,    Hugh    T.      Ueber  aufsteigende  Degeneration  n«oh  UHj^ 
Quetschung  des  Rtickenmarkes  (Anhang  zu  dem  Aufsatzc  von  Pr.  Biuc* 
Ueber  einen  Fall  von  totaler  trauraatischer  ZerstOning  des  Rnckenmv^^ 
etc.).    Arch.  f.  Psychiat.  u.  Nervenkr.,  Berl.,  Bd.  xxv  (18D3).  S.  S^^-^^' 
also  J.  Xerv.  and  Ment.  Dis.,  N.  Y.,  vol.  xxiii  (1896),  pp.  85-107. 
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[O.  397 —IVgt'iierntion  of  Gowcre'  tract  above  the  medulla  oblongata.     (After 
H.  T.  Patrick,  Arch.  f.  Psyehiat.,  Berl.,  Bd.  xxv,  1893,  S.  834  et  seq.) 
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Fig.  398.— Ascending  degeneration  of  the  fasciculus  ventn)-latcral»  C^^ 
after  transverse  lesion  of  the  human  cord  at  the  level  of  T  vii.  ^l*'^'"'!? 
Marrhi.  (After  A.  Hcx'he,  Arch.  f.  Psychiat.  u.  Ner\'enkr..  Berl,  W 
xxviii,  1896,  Taf.  ix,  Figs.  3-9.)  A.  level  of  dtM!US«itio  pyramiduin :  ^ 
Gowers'  bundle.  B,  level  of  decussatio  lemniscorum  :  «,  Gowew*  tnrt.  • 
level  of  the  inferior  half  of  the  nucleus  olivaris  inferior.  D,  leH  «  ** 
superior  half  of  the  nucleus  dlivaris  inferior.  E,  level  of  the  genu  '"^^ 
radicis  N.  facialis ;  a.  Gowers'  tract ;  6,  degenerated  area  in  corpus  nss 


\v 


sac^- 


■loitinii  at  Ihr  \t\e\  of  the  radii  V  triEPniini  a, 
?«■  hunillp  bendiDfi  amiind  intn  Ihi  hoolt  b  Gimcrs  liiindk  afti  r  thi> 
formnliim  running  hack  iiito  Che  iinhelliim  G  trnnsiprw  mm  li<  n  at 
fvpI  cif  the  inrennnalliruluH  a  Ihi  ixirtiim  orGunin  bunilli  irhich, 
'diiiK  Iv  Hiirhp  extendi  fartlii'st  lerrbnilwaTd 
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Risien  Russell  *  finds  that  in  man  the  fibres  of  Gowers'  tract 
begin  as  far  down  as  the  third  or  fourth  lumbar  segment  He 
insists  further  that  though  there  is  marked  "  overlapping"  or 
"  mixing  "  of  the  efferent  with  the  afferent  tracts  in  the  ventrt^ 
lateral  region  of  the  cord,  the  main  representation  of  the  afferent 
tract  is  internal  to  that  of  the  efferent  tract,  that  is  to  saT, 
Gowers'  tract  is  separated  from  the  periphery  of  the  cord  bj 
efferent  fibres. 

In  1896,  Hoche  f  was  able  in  two  human  cases  to  follow 
the  tract  through  various  levels  of  the  cord,  medulla,  poos, 
and  midbrain,  and  thence  back  through  the  bracbium  conjimc- 
tivum  or  medullare  anterius  into  the  cerebellum.    The  finding! 
in  one  of  his  cases  are  well  illustrated  in  Fig.  398.    In  the  second 
of  his  cases  he  thought  he  could  make  out  a  decussation  of  the 
fibres  in  the  roof  of  the  fourth  ventricle.     It  is  evident,  ther^ 
fore,  that  Testut,  Edinger,  and  Mott  are  correct  in  assnminf 
the  existence  of  two  direct  tracts  from  the  spinal  cord  to  tk 
cerebellum,  and  it  seems  likely  that,  in  the  future,  Flechafs 
tract  will  be  known  as  the  fasciculus  spino-cerebellaris  dorsalis 
(or  dorso-lateralis),  and  Gowers'  tract  as  the  fasciculus  spino- 
cerebellaris  ventralis  (or  ventro-lateralis). 

The  cerebellar  termination  of  Gowers'  tract  has  been  made 
out  also  in  human  cases  with  Marchi's  method  by  v.  Solder  J 
and  by  Worotynski.* 

The  newer  investigations  make  it  appear  that  what  we  hare 
designated  above  as  Gowers'  tract  consists  of  at  least  serenl 
distinct  neurone  systems.  The  principal  mass  is  the  fascicnlfl? 
spino-cerebellaris  ventro-lateralis,  which  goes  through  the  bracb- 
ium conjunctivum  or  velum  medullare  anterius  to  termiMie 
in  the  cerebellum.  This  corresponds  to  the  ventro-lateral  con- 
junctival spino-cerebellar  system  of  the  Swiss  and  Germans,  aixi 

*  Russell,  J.  S.  R.  Contributions  to  the  Study  of  Some  of  the  Afferts^ 
and  Efferent  Tracts  in  the  Spinal  Cord.  Brain,  Lond.,  toI.  xxi  (\S9Sljf- 
145-179. 

t  Hoche,  A.    Ueber  secundSre  Degeneration,  speciell  des  Gowers xi^ 
BQndels,  nebst  Bemerkungen  ueber  das  Verhalten  der  Refleic  bei  C*  B/v 
pression  des  RQckenmarkes.    Arch.  f.  Psychiat.  u.  Nervenkr.,  Beri,  ^  Bi  ^^" 
xxviii  (1896),  S.  510-543.  '  M^'^^ 

J  v.  solder,  F.     Degenerirte  Bahnen  ira   Hirnstamme  bei  LSsiod  «^  ■    *I'»j 
unteren  Cervicalmarks.    Neurol.  Centralbl.,  Leipz.,  Bd.  xvi  (1897).  S.  ^f^ 


*£; 


'^^n 


*  Worotynski,  B.     Zur  Lehre  von  den  secund&ren  Degeneratiowa 


9  m .  "^tK 


Rackenmarke.    Neurol.  Centralbl.,  Leipz.,  Bd.  xri  (1897).  S.  1094-10^'      I      -^ 
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might  very  well  be  called  the  systema  [neuronicum]  spmo-cere- 
hellare  ventro-laferale  conjunctivale.  The  researches  of  Edin- 
ger,*  Mott,f  and  others  make  it  appear  that  several  other  neu- 
rone systems  exist,  whose  axoues  take  a  similar  course  for  at 
least  a  long  distance  in  the  spinal  cord  and  rhombencephalon. 

Edinger,  in  1889,  from  studies  of  myelinization,  came  to  the 
conclusion  that  many  of  the  medullated  axones  ascending  in 
the  fasciculi  proprii  of  the  ventral  and  lateral  funiculi  arise 
from  cells  of  the  dorsal  column  of  gray  matter  in  the  opposite 
side  of  the  spinal  cord.  The  crossing  of  the  axones,  he  be- 
lieved, occurs  partly  behind  the  canalis  centralis,  partly  in 
front  of  it,  by  way  of  both  the  commissura  grisea  and  the  com- 
missnra  alba.  He  separated  this  crossed  ascending  ventro-lat- 
eral  system  from  Gowers's  tract. 

The  most  important  observations  in  this  connection  are 
those  of  Mott,  who,  experimenting  on  monkeys,  studied  the 
resulting  degenerations  by  the  method  of  Marchi.  Mott  has 
clearly  distinguished,  in  addition  to  the  (largely  crossed)  con- 
junctival spino-cerebellar  system,  (1)  a  ventro-lateral  superior 
spino-quadrigeminal  system  and  (2)  a  ventro-lateral  spino-thala- 
jnic  system. 

The   ventro-lateral  spino-quadrigeminal    system   (or,  as  it 

-might  very  well  be  designated,  the  sy sterna  [neuronicuni]  spino- 

^nadrigeminum  vefitro-laierale  superius)  sends  its  axones,  the 

-^xact  origin  of  which  is  still  doubtful,  upward  in  the  substantia 

^ba  of  the  spinal  cord,  where  they  are  situated  at  first  in  the 

internal  (central)  of  the  three  zones  of  white  matter  at  the 

:^egion  of  exit  of  the  ventral  roots.     Passing  up  through  the 

-ventro-lateral  region  of  the  cord,  they  ascend  into  the  medulla 

c^blongata,  where  they  are  found  among  the  other  fibres  which 

j-cpresent  the  ventro-lateral  portion  of  the  continuation  (in  the 

xneduUa)  of  the  ventro-lateral  funiculi  of  the  cord.  '  The  fibres 


*  Edinger,  L.    Ueber  die  Portsetzung  der  hinteren   RQckenmarkswur- 
^eJn  zum  Gehirn.    Anat.  Anz.,  Jena,  Bd.  iv  (1889),  S.  121-128. 

f  Mott,  F.  W.     Results  of  Hemisection  of  the  Spinal  Cord  in  Monkeys. 
Phil.  Tr.,  Lond.  (1891):  also,  Ascending  Degeneration,  resulting  from  Le- 
sions of  the  Spinal  Cord  in  Monkeys.    Brain,  Lond.,  vol.  xv  (1892),  pp.  215- 
"2^  ;  also,  Experimental  Inquiry  upon  the  Afferent  Tracts  of  the  Central 
N'ervous  System  of  the  Monkey.    Ibid.,  vol.  xviii  (1895),  pp.  1-20 ;  also.  Die 
^uiiihrenden  Kleinhirnbahnen  des  ROckenmarks  bei  dem  Affen.  Monatschr. 
f.  K*»ychiat.  u.  Neurol.,  Berl.,  Bd.  i  (1897),  S.  104-121. 
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which  at  first  lie  lateral  from  the  nucleus  olivaris  inferior  cmt 
higher  up  to  be  situated  ventro-laterally  from  the  nucleus  di- 
varis  superior.     While   the  ventro-lateral    conjunctiTal  spm- 
cerebellar  system  turns  dorsal  ward,  at  a  level  corresponding  to 
the  nervus  trigeminus,  just  behind  the  colliculus  inferior,  sou 
to  pass  lateral  from  the  tractus  spinalis  nervi  trigemini  into 
the  velum,  the  spino-quadrigeminal  system  of  Mott  eontinii€ss 
course  ventro-medial  from  the  tractus  spinalis  nerri  trigemifii 
and  from  the  nuclei  terminales  nervi  trigemini  running  miied 
with  the  bundle  of  fibres  which  descends  from  the  nucleus  ru- 
ber of  the  opposite  side  to  the  lateral  funiculi.     According!?, 
the  spino-quadrigeminal  bundle  comes  to  lie  dorsal  from  ik 
level  of  the  nucleus  olivaris  superior  and  between  the  fibres  of 
the  lemniscus  lateralis  which  here  pass  dorsal  ward.     The  fibre> 
of  the  spino-quadrigeminal  system  lie  in  the  medial  portion  of 
the  lemniscus  lateralis  medial  from  the  nucleus  lemnisci  k- 
oralis.     At  the  level  of  the  colliculus  superior  the  spino-qnsdii- 
geminal  fibres  become  separated  from  the- descending  axoo^ 
from  the  opposite  red  nucleus,  since    the  bundle  of  the  to- 
ter,  ventro-lateral  from  the  nucleus   ruber,  has   reached  thij 
lateral  position  by  passing  from  the  nucleus  ruber  of  the  oppo- 
site side  through  the  decussatio  tegmenti  ventralis  in  thenpl» 
lateralward.     The   spino-quadrigeminal   system,  on  the  otbff 
hand,  turns  medialward  into  the  substantia  grisea  of  the  cd- 
liculus  superior  in  order  to  terminate  by  end-ramifioatioQS  is 
among  the  perikaryons  and  dendrites  of  the  neurone  sjstens 
situated  there,  mixing  with  similar  end-ramifications  from  tk 
tractus  opticus  and  from  the  auditory  axones  of  the  lateral  lea- 
niscus  system. 

Mott's  spino-thalamic  fibre  system  (or,  as  it  might  be  calkd, 
systema    [neuronicum]   spino-thalamicum   venfr abater ak)  «1» 
takes  its  origin  in  cells  in  the  gray  matter  of  the  spinal  cwi 
but  just  in  what  regions  and  whether  on  the  same  or  on  tb? 
opposite  side,  or  both,  does  not  seem  clear.     The  medullatri 
axones  ascend  through  the  ventro-lateral  region  of  the  corf 
mixed  with  those  of  the  spino-quadrigeminal  system  and  w« 
certain  extent  with  those  of  the  conjunctival  spino-cerebeBir 
system.    In  the  medulla  oblongata  the  course  of  the  patJi » 
the  same  as  has  been  described  above  for  the  spino-qnadripflsr 
nal  system,  and  the  fibres  of  Mott's  spino-thalamic  system  afl^' 
to  be  mixed,  not  only  with  those  of  his  spino-quadrigenA* 
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system,  but,  like  the  latter,  also  with  the  descending  fibres 
from  the  midbrain  to  the  spinal  cord.  At  the  level  of  the  col- 
liculus  superior^  as  ha«  been  mentioned  above,  the  descending 
medullated  axones  from  the  red  nucleus  to  the  cord  become 
separated  from  the  common  bundle  (in  the  medial  part  of  the 
lateral  lemniscus),  as  do  also  the  ascending  spino-quadrigeminal 
fibres.  The  medullated  axones  of  Mott's  ascending  spino-thala- 
mic  system,  however,  are  continued  with  that  portion  of  the 
lemniscus  lateralis  which  goes  past  the  colliculus  inferior  with- 
out stopping  in  it.  Further  on  they  become  more  or  less  mixed 
with  the  medullated  axones  of  the  lemniscus  medialis  whicli 
are  scattered  more  or  less  diffusely  in  that  region  of  the  teg- 
mentum which  lies  medial  from  the  corpus  geniculatum  medi- 
ate. It  seems  likely  that  the  axones  of  the  spino-thalaQiic 
system  enter  the  hilus  thalami  and  terminate  in  the  ventro- 
lateral region  of  the  thalamus  along  with  the  principal  axones 
of  the  lemniscus  medialis  (those  derived  from  the  cell  bodies  in 
the  nucleus  funiculi  gracilis  and  the  nucleus  funiculi  cuneati) 
and  the  axones  from  the  cerebellum  (by  way  of  the  brachium 
conjunctivum  and  red  nucleus,  to  be  described  further  on). 

For  further  notes  on  ascending  (central-axone)  spino-thala- 
mic  neurone  systems,  the  reader  is  referred  to  the  publications 
of  Mott,*  Patrick,!  von  Sr»lder,J  and  Tschermak.* 

Before  leaving  Ihe  subject  of  the  fasciculus  ventro-lateralis 
superficialis  (Gowersi)  reference  must  be  made  (1)  to  the  recent 
publications  of  Rossolimo  and  (2)  to  the  findings  of  Tschermak 
concerning  an  ascending  ventro-lateral  restiformal  cerebellar 
system. 

Rossolimo,  ||  in  an  article  accompanied  by  seventeen  illustra- 
tions, describes  his  findings  concerning  secondary  degenerations 
in  the  region  of  Gowers'  tract.  He  employed  the  method  of 
Busch,^  a  modification  of  the  method  of  Marchi,  which  pos- 
sesses, he  thinks,  certain  advantages  over  the  latter  procedure. 
The  patient,  a  girl  of  twelve  years,  had  suffered  from  retroperi- 

•  Op,  eiL        t  Op,  cit,        X  ^'  Solder,  F.,  op.  eit, 

*  Tschermak,  A.  Ueber  den  centralen  Verlauf  der .  aufsteigenden  Elin- 
terstrangbahnen  und  deren  Beziehungen  zu  den  Bahnen  im  Vorderseiten- 
strang.    Arch.  f.  Anat.  u.  Physiol.,  Anat.  Abth.,  Leipz.  (1898),  S.  291-400. 

I  Rossolimo,  G.  J.    Ueber  den  centralen  Verlauf  des  Gowers'schen  Btln- 
<lel8.    Neurol.  Centralbl.,  Leipz.,  Bd.  xvii  (1898),  S.  935-940. 
^  Busch,  C.    Neurol.  Centralbl.,  Leipz.,  Bd.  xvii  (1898),  S.  476. 
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toneal  sarcoma,  with  multiple  metastases,  the  spinal  cord  being 
involved  chiefly  in  the  lower  thoracic  and  lumbar  region.   In 
the  ventro-lateral  region  he  foand  a  very  definite  degenention. 
which  on  the  whole  corresponded  to  the  position  of  GoweR' 
tract  in  the  spinal  cord  as  well  as  in  the  medulla  and  poDs 
A  few  of  the  degenerated  fibres  left  the  bundle  to  enter  tk 
cerebellum  by  way  of  the  corpus  restiforme.     Xo  fibres,  acconi- 
ing  to  Rossolimo,  passed  by  way  of  the  brachium  conjunctiTnm 
or  velum  meduUare   anterius  into  the   cerebellum.      On  th* 
other  hand,  the  fibres  undergo  a  partial    decussation  in  ih 
velum  and  then  run  to  three  different  regions — (1)  into  tbeci 
liculus  inferior,  (2)  into  the  substantia  nigra  Soemmeringii^wd 
(3)  into  the  globus  pallidus  of  the  nucleus  lentiformis.    Ro»»- 
limo  concludes  that  his  case  is  a  sharp  contradiction  of  the 
series  of  results  obtained  by  Loewenthal,  Auerbach,  Mott,  Hoche. 
and  others  concerning  the  termination  of  Gowers^s  tract  in  the 
cerebellum  by  way  of  the  brachium  conjunctivum  and  Telnm 
This   I   can  not  agree   with.     On  the   contrary,    Kossolimo'i 
studies  are  to  be  looked  upon  not  as  contradicting  prenoiy 
knowledge,  but  as  extending  it  in  a  most  desirable  way.    B'^^ 
solimo  appears  not  to  have  recognized  the  fact  that  Goverss 
tract  can  no  longer  be  considered  a  morphological  entity.    It  L* 
much  rather  a  complex  of  fibre  systems  by  no  means  homolo- 
gous with  one  another.    We  have  seen  abov^  that  it  contains  jli 
the  meduUated  axones  of  the  systema  neuronicum  spino^erekl- 
lare  ventro-laterale  conjunctivale,  (2)  the  medullated  axones  of 
the  systema  neuronicum  spino-quadrigeminum  superius,  and  (•>' 
the  medullated  axones  of  the  systema  neuronicum  spino-thakn}' 
cum.     We  shall  see  in  a  moment  from  Tschermak^s  studies  thj: 
Gowers'  tract  also  contains  (4)  a  systema  neuronicum  spino 
cerebellare  ventro-laterale  restiformale.     It  appears  to  me  thii 
the  correct  interpretation  to  put  upon  Rossolimo^s  studies  is  th? 
following:  From  the  lower  portion  of  the  spinal  cord  ther 
ascend  medullated  fibres  in  the  course  of  Gowers'  tract  mix^^ 
with  the  fibres  of  the  neurone  systems  above  mentioned.   Titf 
termination  of  these  fibres  is  partly  in  the  cerebellum  (com^ 
spending  to  Tschermak's  ventro-lateral  restif  ormal  spino-cerebel- 
lar  system),  but  chiefly  in  regions  hitherto  not  known  as  mfi^ 
ing  fibres  of  Gowers'  tract — viz.,  the  colliculus  inferior  of  tb«^ 
corpora  quadrigemina,  the  substantia  nigra,  and  the  nuM^ 
lentiformis.    If  Rossolimo 's  observations  and  the  interpretJik. 
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here  suggested  be  correct,  we  shall  have  to  push  the  analysis  of 
the  complex  of  fibre  systems  represented  by  Gowers'  tract 
still  farther  than  that  given  above,  and  add  (5)  a  systema  neu- 
ronicum  spino-quadrigeminum  inferius,  (6)  a  systema  neuroni- 
cum  spino-pedunculare  (ad  substantiam  nigram),  and  (7)  a  sys- 
tema neuronicum  spino-lentiformale. 

Tschermak  *  has  described  at  some  length  a  ventro-lateral 
spino-cerebellar  restiformal  neurone  system,  f  After  section  of 
the  ventro-lateral  funiculi  at  the  level  of  the  nuclei  of  the  dor- 
sal funiculi,  he  found  by  Marchi's  method  degenerated  fibres 
passing  dorsal  ward,  in  part  at  least,  from  the  region  now  usually 
designated  as  that  of  Gowers'  tract  in  the  medulla.  These 
fibres  consist  of  two  groups :  (1)  fibres  at  first  lying  in  the  fissu- 
ral  part  of  the  remains  of  the  ventral  funiculus,  and  farther  on 
coming  to  pass  lateralward  dorsal  from  the  remains  of  the  ventral 
horns,  and  still  higher  dorsal  from  the  nucleus  olivaris  inferior, 
and  (2)  fibres  which  join  the  former — viz.,  transverse  fibres 
situated  at  first  on  the  medial  side  of  the  nucleus  funiculi  latera- 
lis as  well  as  latero-dorsal  from  the  nucleus  olivaris  inferior.  All 
these  fibres  (Fibrce  transver sales  dorsfh-olivares  et  dorso-nudeares) 
become  aggregated  into  a  thick  transverse  bundle  dorsal  from 
the  nucleus  funiculi  lateralis,  in  which  probably  terminate 
numerous  branches  of  ascending  fibres  from  the  spinal  cord ; 
the  bundle  arrives  in  the  white  matter  at  the  ventral  angle  of 
the  tractus  spinalis  nervi  trigemini.  The  fibres  under  con- 
sideration next  pass,  looplike,  dorsalward  and  arrive,  by  way  of 
the  medial  portion  of  the  tangential  fibre-covering  of  the  trac- 
tus spinalis  nervi  trigemini,  into  the  ventral  part  of  the  corpus 
restif orme.  Tschermak  thinks  that  the  fibres  pass  by  way  of 
the  lateral  bundle,  of  the  two  bundles  into  which  the  corpus 
restiforme  divides,  into  the  vermis  superior,  probably  to  both 
sides  of  the  middle  line.  It  is,  as  Tschermak  remarks,  rather 
interesting  to  note  that  whereas  Patrick  describes  a  few  fibres  of 
the  direct  dorso-lateral  cerebellar  tract  which,  instead  of  entering 
the  cerebellum  by  way  of  the  corpus  restiforme,  pass  on  to 
enter  that  organ  higher  up  by  way  of  the  ventro-lateral  conjunc- 
tival spino-cerebellar  system,  these  findings  make  it  appear  that 
an  exact  counterpart  exists  in  these  fibres  of  the  ventro-lateral 


♦  Op,  cit, 

\  His  aufsteigendea  anterolaterales  rentiformdles  Cerebellaraystem, 
40 
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gpino-cerebellar  tract  which,  lower  down  than  their  fellows,  pta 
into  the  cerebellum,  taking  the  short  cut  by  way  of  the  coipu 
restiforme.  I  take  it  that  the  few  fibres  observed  by  Bossolimo, 
above  referred  to,  passing  from  Cowers'  tract  into  the  corpus 
restiforme,  belong  to  the  same  neurone  system  as  thst  of 
Tschermak  here  mentioned.  It  seems  likely,  too,  that  Tscfaer- 
mak's  system  is  identical  with  the  third  of  the  three  ascend- 
ing spino-cerebellar  systems  of  Auerbach  above  referred  to. 


• ) 
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gpino-cerebellar  tract  which,  lower  down  than  their  fellows,  pas 
into  the  cerebellum,  taking  the  short  cut  by  way  of  the  corpos 
restiforme.  I  take  it  that  the  few  fibres  observed  by  Bosaoiimo, 
above  referred  to,  passing  from  Gowers'  tract  into  the  coipos 
restiforme,  belong  to  the  same  neurone  system  as  that  of 
Tschermak  here  mentioned.  It  seems  likely,  too,  that  Tscher- 
mak's  system  is  identical  with  the  third  of  the  three  ascend- 
ing spino-cerebellar  systems  of  Auerbach  above  referred  to. 


^ 


CHAPTER  XLII. 

ON  CENTRAL-AXONE  (CENTRIPETAL)  NEURONE  SYSTEMS  IN  THE 
FASCICULI  PROPRII  OR  GROUND-BUNDLES  OF  THE  SPINAL  CORD. 

Shorter  and  longer  neurone  systems — Intersegmental  or  internuncial  asso- 
ciation azones — Perikaryons  and  dendrites — ^Tautomeric,  heteromeric, 
and  hecateromeric  neurones — Axones  and  collaterals — The  lateral 
limiting  layer — Its  ventral  and  dorsal  parts — Bundles  in  the  rhomben- 
cephalon continuous  with  the  fasciculi  proprii  of  the  spinal  cord — The 
ascending  spino-cerebral  system  in  the  fasciculus  longitudinalis  medialis 
— Relative  numbers  of  ascending  and  descending  axones  in  these 
bundles. 

{ad  d)  The  central  sensory  conduction  paths  corresponding 
to  neurones  the  cell  bodies  of  which  are  situated  in  the  gray 
matter  of  the  cord,  the  axones  helping  to  make  up  the  fasciculi 
proprii  of  the  ventral,  lateral,  and  dorsal  funiculi  of  the  white 
matter  of  the  cord,  have  been  the  object  of  much  study,  but  as 
ret  only  partial  and  unsatisfactory  information  concerning  them 
3  available.*  The  fasciculi  proprii  of  the  white  matter  contain 
bres  of  shorter  and  longer  neurone  systems,  both  ascending  and 
escending,  crossed  and  uncrossed.  The  shorter  fibres  appear  to 
an  up  and  down  close  to  the  gray  substance ;  the  longer  fibres 
^nd  to  occupy  areas  nearer  the  periphery  of  the  cord.    The  neu- 


The  fasciculus  ventralis  proprius  corresponds  to  the  Vorderstranggrund- 
of  the  Germans ;  their  Seitenstrangreate  includes  the  fasciculus  lat- 
*lis  proprius  and  Gtowers'  tract.  Thus,  Plechsig  (Leitungsbahnen,  S.  299 
>  describes  the  Seitenstrangreste  as  being  made  up  of  two  territories: 
the  vordere  gemiachte  Seiienstrangzmie^  and  (2)  the  aeitliehe  Qremschicht 
i^n^ien  Subatanz.  As  von  Bechterew  showed.  Gowers'  bundle  corre- 
mds  to  a  portion  of  Plechsig's  tntrdere  gemischte  Seiienstrangzone.  The 
™*in<ier  of  the  latter,  together  with  the  lateral  limiting  layer  or  fasciculus 
p*"^^is  limitans  {seiiliehe  Orenzaehicht  der  grauen  Subatanz),  make  up  the 
^^^^^ranggrundMndel  or  the  fasciculus  lateralis  proprius  (Pig.  399).  The 
7**^>^aoften  speak  of  the  fasciculus  ventralis  et  lateralis  proprius  together 
•*^«  V'orderaeitenairangreate, 
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rones  concerned  serre  to  connect  segments  of  Tarioos  leyels  vitJi 
one  another,  and  their  axones  are  accordingly  sometimes  reieired 
to  as  *'*'  intersegmental  '^  or  ^  intemoncial  ^  axones  or  as  those  of 
^longitudinal  association  fibres.^    The  shortest  ones  connect 
segments  immediately  adjacent  to  one  another;  the  longer  ones 
may  connect  widely  separated  levels  of  the  spinal  cord  ud 
rhombencephalon,  or  may  even    bring  the   spinal  cord  into 
relation  with  the  mesencephalon  and  diencephalon.    There  l« 
much  reason  to  believe  that  many  of  these  neurones,  especoSj 
those  with  ascending  axones  the  myelin  sheaths  of  which  accord- 
ingly undergo  secondary  ascending  degeneration  after  lesion, 
have  to  do  with  the  carrying  of  centripetal  impulses  toward  the 
higher  centres,  and  they  are  accordingly  appropriately  consid- 
ered here. 

The  perikaryons  and  dendrites  of  these  neurones  hare  been 
studied  especially  by  Ramon  y  Cajal,  von  Kolliker,van  Gehnchten, 
and  von  Lenhoss^k.  Those  which  send  axones  to  the  &scieulii3 
ventralis  proprius  are  situated  (1)  in  the  most  medial  part  of  the 
ventral  horn  {Kammi88urengruppeotYOiiLieiiho88ek)^dLnA{i)i^ 
the  ventral  and  middle  parts  of  the  gray  substance.  Those  which 
send  axones  to  the  fasciculus  lateralis  proprius  are  situated  io 
the  middle  regions  of  the  gray  substance  and  in  the  dorsal  horns 
as  far  back  as  the  substantia  gelatinosa  of  Kolando.  Those 
which  send  axones  to  the  fasciculus  dorsalis  proprius  (endoge- 
nous fibres  of  the  dorsal  funiculi)  are  but  few  in  number,  and  ap- 
pear to  be  situated  in  the  gray  matter  of  the  dorsal  horn  (Fi| 
400).  The  axones  of  these  various  cells  pass  partly  to  the  white 
matter  of  the  same  side  (those  of  tautomeric  neurones,  van  Gf 
huchten),  partly  to  the  white  matter  of  the  opposite  side  (those 
of  heteromeric  neurones),  and  occasionally,  after  divison,  to  the 
white  matter  of  both  sides  (those  of  hecateromeric  neu^one^i. 
The  calibre  of  th^  axone  sometimes  increases  at  a  distance  fron 
the  cell  body.  In  the  white  matter  an  axone  often  divides  into 
an  ascending  and  a  descending  limb.  Numerous  collaterals  ^ 
given  off  into  the  gray  substance,  so  that  a  given  neurone  b»J 
affect  not  only  the  gray  matter  of  the  segment  in  which  itaaioae 
terminates,  but  also,  by  means  of  collaterals,  the  gray  matter <^ 
intervening  segments.  The  arrangement  of  the  whole  mechtf- 
ism  here  under  consideration  seems  to  be  that  especially  ad«pt«<^ 
for  co-ordinating  the  activities  of  the  gray  matter  of  difftft«i 
levels.     In  so  far  as  it  is  concerned  in  mediating  the  condncti* 
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Fio.  400.— T^Dtomerfc,  heteromenc   >Dd  heatteromenc  dl  _ 

Oulgi's  method  n  the  pare  lumbalis  uf  th  human  gp  nal  eord  Combmed 
from  ft  number  of  prcpaist  ns  taken  from  it  huma  embryo  30  em.  long. 
The  lower  motor  neurones,  the  comm  ffiural  ueuroneti,  the  perikaryoiw  of 
whirh  arv  utuslfd  he  ventn  meil  al  [art  of  the  v  ntral  horn,  and  the 
dendiaxonea  of  the  BUhatsntia  unsta  ha  e  uot  hetn  reprefleutrd.     lAfUT  M. 


I   LenhufH^k     Der  fe  u 


V.) 


.    Bau  dt^s  Net 


pttwmK  V. 


>  of  tl  e  BUhslHDt 

Tnl  or  lalfFBl  fun  ulus.  nhere  thev  ash  n  e  a  lonRitud  nal  directfon  i 
me,  w  tl  pinkarron  n  latiisl  region  of  gray  matter  and  aione 
I'entralwnrd  (  b  furcate  the  1  m  «  of  b  furcat  on  r  lerinR.  one  of 
mem  me  ventra  fun  ulua,  the  other  th  ventral  mm  saun  ;  6.  neunine 
situated  in  lateral  part  of  gray  matter  xending  aione  tii  laleral  funiculus; 
7.  S,  9,  10.  KToupn  nf  nerve  cells  in  middle  region  sending  aiouex  to  ventral 
or  lateral  funirulun;  II,  IS,  IS.  li,  I-"!,  17,  perikaryous  in  doreal  hum  sending 
axones  to  lateral  funiculus:  W.dendraione;  M,  neurone  tiannitional  in  typo 
between  an  inaxone  and  a  dendraione.  the  axone  it  bifurcating  and  liraneh- 
ing  nianifuldly  in  the  gray  niattiT,  but  Hi'mling  ■  hraneh  to  the  snhftautia 
alba :  19.  perikaryon  in  doraal  eommissure ;  ^>.  |>erilcaryiin  in  nuhxtantia 
alba;  SI,  S?,  «J.  cells  juM  ventral  to  siihstantia  gelatiniim;  fj,  M.?6.  neurones 
Hendingaionea  to  ventral  funirulus:  ^,  neunmes  sending  axnne  to  lateral 
fiiniculus:  SS.  g9.  SO.  Si.  neurones  in  middle  n'ltitm  sending  aiones  to  ven- 
tral runiculos ;  .If.  $X,  S^.  t!.  -M.  -tS,  Jrt.  neurones  in  dorsal  horn  whiwe  aiones 
go  to  the  lateral  funiculus:  S7.  perikaryon  in  substantia  alha  (fnnnatio 
reticularis) ;  SS.  fO.  jl,  ^.  4S,  nerve  cells  in  domi  part  of  donal  horn,  some 
of  whirh  send  aiones  to  the  dorsal  funiculi. 
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of  impulses  to  the  higher  centres  concerned  in  sensation,  the 
mechanism  must,  for  the  most  part,  be  looked  upon  as  a  con- 
duction path  of  many  relays,  that  is,  of  many  supenrnpoeed 
neurones,  the  impulses  which  travel  along  it  passing  alter- 
nately from  gray  matter  to  white  matter  and  from  vhiw 
matter  to  gray  matter  over  and  over  again  as  the  neural  aiif 
is  ascended. 

The  so^alled  lateral  limiting  layer,  or  fasciculus  lateralis 
limitans,*  was  first  described  by  Flechsig  on  the  ground  of 
studies  of  myelinization  in  1876.  By  it  he  meant  the  porti(»i 
of  the  lateral  funiculus,  close  to  the  substantia  grisea  (F.  1.  L  in 
Fig.  399).  Flechsig's  ideas  of  the  origin  of  the  fibres  of  thk 
lateral  limiting  layer  were  vague,  although  he  felt  sure  tbt 
it  represented  a  complex  of  fibres  of  different  sorts.  The 
area  has  been  further  differentiated  by  von  Bechterew  and  br 
Bruce. 

Von  Bechterew  f  states  that  the  fibres  of  the  lateral  limitini 
layer  do  not  have  their  origin  in  fibres  of  the  dorsal  roots,  since 
this  layer  does  not  degenerate  when  the  dorsal  roots  are  injured 
Nor  do  the  fibres  of  the  layer  arise  from  the  cells  of  the  nucleoi 
dorsalis,  for  though  the  axones  from  the  nucleus  dorsalis  ns 
through  the  fasciculus  lateralis  limitans  on  their  way  to  the 
dorso-lateral  periphery  of  the  cord,  they  do  not  turn  to  m 
longitudinally  near  the  gray  substance. 

From  the  study  of  developing  spinal  cords  von  Bechterew  h« 
been  able  to  divide  the  lateral  limiting  layer  into(l)anHve 
ventral  portion  which  is  meduUated  early,  and  (2)  a  more  dorsil 
portion  which  is  medullated  later.  The  latter  he  has  designated 
"  the  medial  bundle  of  the  lateral  funiculus."  J  This  bundle 
lies  just  lateral  from  the  substantia  grisea,  dorsalward  from  the 
columna  grisea  lateralis,  and  thus  occupies  a  part  of  the  sp^ 
between  the  fasciculus  cerebro-spinalis  lateralis  and  the  so^ 
stantia  grisea.  Its  broader  ventral  extremity  (as  seen  in  cro# 
section)  lies  in  the  angle  between  the  ventral  and  dorsal  hor» 
The  topographical  relations,  however,  vary  somewhat  at  dii??- 
ent  levels.    Von  Bechterew  believes  that  his  '*  medial  bundle ''i? 

*  Die  seitliche  Orenzachicht  der  grauen  Subatam  of  Flechsig. 

+  von  Bechterew,  W.  Die  Leitungsbahnen  im  Gehirn  und  RQckeDHH* 
Leipz.  (1894). — Ueber  das  besondere,  mediale  BQndel  der  SeitenstrfD^ 
Neurol.  Gentralbl.,  Leipz..  Bd.  xvi  (1897),  S.  680-682. 

X  Medialea  SeitensirangbUndel  of  von  Bechterew. 
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composed  of  short  medullated  axones,  which  prise  from  cells  in 
the  dorsal  horns.  The  more  ventral  part  of  t^e  lateral  limiting 
layer,  von  Bechterew  believes,  is  made  up  of  the  medullated 
axones  of  cells  situated  in  the  ventral  horns. 

An  interesting  and  important  extension  of  our  knowledge 
in  this  connection  has  been  furnished  by  Bruce,  of  Edinburgh.* 
This  observer,  studying  a  case  of  amyotrophic  lateral  sclerosis, 
found  partial  degeneration  of  the  ventral  part  of  the  lateral 
limiting  layer  along  with  degeneration  of  the  ventral  horns  and 
of  the  fasciculus  cerebro-spinalis  lateralis.  The  dorsal  part  of 
the  lateral  limiting  layer  (von  Bechterew's  "  medial  bundle  ") 
was  intact,  as  was  also  the  gray  matter  of  the  dorsal  horn.  It 
seems  likely,  therefore,  that  the  fibres  of  the  ventral  part  of  the 
lateral  limiting  layer  have  their  origin  in  cells  of  the  ventral 
horn.  In  speaking  or  writing  of  the  lateral  limiting  layer,  or 
fasciculus  lateralis  limitans,  care  should  therefore  be  taken  to 
mention  whether  one  is  referring  to  its  pars  dorsalis^  its  pars 
ventralis^  or  both. 

The  fasciculi  proprii  are  largest  in  volume  in  the  intumes- 
centiffi.  In  the  thoracic  region  of  the  cord  they  are  relatively 
small. 

The  continuation  of  these  paths  upward  in  the  medulla  and 
pons  has  been  carefully  studied  by  Flechsig,t  von  Bechterew,J 
Edinger,  and  Held.*  According  to  von  Bechterew,  the  rela- 
tions can  be  easily  made  out  in  human  foetuses  25  to  27  cm. 
long,  when  but  few  tracts  are  medullated  in  the  rhomb- 
encephalon. Indeed  the  fasciculi  proprii  of  the  cord  are 
among  the  earliest  parts  of  the  substantia  alba  to  become  med- 
ullated. The  results  at  which  he  has  arrived  may  be  briefly 
summed  up  as  follows :  The  fibres  of  the  ventral  and  lat- 
eral  fasciculi    go  over  into    the    formatio   reticularis.     The 

*  Brace,  A.  D*un  faisceau  special  de  la  zone  laterale  de  la  moelle  epini- 
*re.  Rev.  neuroL,  Par.,  t.  iv  (1896),  No.  23.  pp.  698-700;  also,  On  a  Special 
Tract  in  the  Lateral  Limiting  Layer  of  the  Spinal  Cord.  Scot.  M.  and  S.  J., 
Edinb.,  vol.  i  (1897),  No.  1. 

f  Op,  eit, 

X  von  Bechterew,  W.  Ueber  die  LangsfaserzUge  der  Formatio  reticu- 
laris medullcB  oblongate  et  pontis.  Neurol.  Centralbl.,  Bd.  iv  (1885),  S. 
337-346. 

*  Held,  H.  Die  Beziehungen  des  Vorderseitenstranges  zu  Mittel-  und 
Tlinterhim.  Abhandl.  der  math.  phys.  01.  der  K.  Sachs.  Gesellsch.  d. 
Wissensch.,  Bd.  xviii,  No.  6,  Leipzig  (1892). 
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fibres  of  the  fasciculns  Tentralis  proprius,  together  with  a  large 
tmct  of  those   of  the  fascicuiuB  lateralis   proprius,  go  om, 


.401.— A,  t[sDBVt'n<e8M(iunthruufth  the  posterior  half  iiftlirnnuL  ThrW 
half  iir  thit  illiiHlnitiou  corn-«ponds  In  Ihv  auttrior.  (ht  riiiht  half  t<i  ihr  p' 
tcrior  portion  of  lh«  ponH.     (Attt'r  W.  von  Bt-clitervw,  Ifui.  snmi'irlBt  v^ 


18  L'cnlralis  superior;  .VnJ.I..  nurlpiiii  I 
A'H.o.a..    nui'U'Us  oUvaris  gnpcrior;    XH.p..  niirlci  pontjx:    .YH.rf..  nwt' 
Tt'ticalaris  tegmenti ;  JV.  I'.,  ndiz  N.  trigeniiui ;  S.d.n. )'..  nulli  dnTuIr 
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through  a  marked  curve  dorsalward  corresponding  to  the 
course  of  the  central  canal,  into  the  so-called '^ medial  field'* 
and  into  the  adjacent  regions  of  the  "lateral  field"  of  the  for- 
matio  reticularis  (Fig.  401).  The  fibres  of  the  most  dorsal  por- 
tion of  the  fasciculus  lateralis  proprius  become  separated  from 
the  other  fibres  and  run  as  a  distinct  bundle  on  the  lateral 
periphery  of  the  medulla.  They  can  be  followed  by  the  embry- 
ological  method  only  as  far  as  the  superior  olivary  complex, 

(inescnceplialica)  nervi  trigemini ;  St.gr. c,  stratum  griscum  centrale.  Red — 
IS,  fibres  of  the  lemniscus  medialis  pertaining  to  the  nucleus  funiculi  cuneati ; 
10,  scattered  bundles  in  the  lemniscus  medialis  ;  17,  region  of  scattered  fibres 
which  develop  late  in  the  lateral  field  of  the  formatio  reticularis ;  19,  lem- 
niscus lateralis.  Yellmo — 10,  fibres  of  lemniscus  medialis  originating  in 
nucleus  funiculi  gracilis  |  i?f,  fibres  from  the  region  of  the  colliculus  inferior 
to  the  nucleus  reticularis  tegmenti  and  to  the  pons.  Violet— S5,  fibres  of 
fasciculus  centralis  tegmenti  {centrale  Haubenbahn) ;  f^,  fibres  passing  by 
the  raphe  from  the  nuclei  pontis  to  the  formatio  reticularis  grisea ;  S8,  fibres 
of  the  spinal  bundle  (von  Bechterew)  of  the  brachium  pontis ;  45,  S9,  4£,  dif- 
ferent bundles  in  the  brachium  conjunctivum.  Blue — 4,  fasciculi  longi- 
tudinales  (pyramidales)  |  £6,  fibres  of  medial  accessory  bundle  in  lemniscus 
medialis  (to  motor  nuclei  of  cerebral  nerves) ;  46,  fibres  of  cerebral  bundle  of 
brachium  pontis;  50,  frontal  ccrebrocorticopontal  path  ;  51,  temporo-occipital 
cerebrocorticopontal  path.  Green — 9,  fasciculus  longitudinalis  medialis;  8, 
fibres  which  represent  the  pontal  continuation  of  the  fasciculus  lateralis  pro- 
prius of  the  spinal  cord ;  4'^,  commissural  bundle  lying  ventralward  from  the 
brachium  coixjunctivum. 

B,  transverse  section  through  the  brain  stem ;  level  of  pedunculi  cere- 
bri. The  right  half  illustrates  the  level  of  the  colliculus  inferior,  the 
left  half  that  of  the  colliculus  superior.  (After  W.  von  Bechterew,  1894, 
somewhat  modified.)  Aq.c,  aqueductus  cerebri;  C.g.m.,  corpus  genicula- 
tam  mediale;  Cm.,  corpus  mammillare  ;  C.».,  colliculus  superior;  .AT./F, 
radix  N.  trochlearis;  A'n.r.t.,  nucleus  colliculi  inferioris;  Xu.f.l.m.,  nu- 
cleus fasciculi  longitudinalis  medialis  or  nucleus  commissurse  posterioris- 
{(^terer  Oculomotoritukem  of  Darksche  witsch ) ;  yu.l.L,  von  Bechterew's  Ofr- 
pus  parabigeminum;  Nu.Ls.,  nucleus  lateralis  superior  of  Flechsig  [nucleus 
tnnominatus  of  von  Bechterew);  Nu.n.III,  nucleus  nervi  oculomotorii ; 
Nu.r.,  nucleus  ruber ;  S.n.,  substantia  nigra ;  St.gr.c,  stratum  griseum 
centrale.  Red— 19,  fibres  of  lemniscus  lateralis  which  enter  colliculus  in- 
ferior; 29,  fibres  of  brachium  quadrigeminum  inferius  from  the  colliculus 
inferior  of  the  same  and  of  the  opposite  side ;  IS,  fibres  of  the  lemniscus 
medialis  originating  in  the  nucleus  funiculi  cuneati;  IS',  fibres  of  the  lem- 
niscus medialis  going  to  the  corpora  qnadrigemina  ;  10^,  scattered  bundles  of 
the  lemniscus  which  go  over  into  the  basis  pedunculi ;  17,  region  of  the  scat- 
tered fibres  (late  to  develop)  of  the  formatio  reticularis.  Yellotr — 10,  fibres 
of  lemniscus  medialis  from  the  nucleus  funiculi  gracilis ;  £8,  fibres  from  the 
nucleus  colliculi  inferioris  to  the  thalamus  (acc(»rding  to  von  Bechterew) ; 
56,  fibres  from  the  colliculus  superior  to  the  cerebral  cortex.  Violet — S9,  42, 
45,  fibres  of  the  brachium  conjunctivum  before  their  entrance  into  the  red 
nucleus ;  ^7,  4^,  fibres  from  the  red  nucleus  to  the  nucleus  lentiformis,  the 
thalamus,  and  the  cerebral  cortex  (these  are  the  radiations  of  the  red  nucleus) ; 
S5,  fibres  of  the  fasciculus  centralis  tegmenti  (centrale  Haubenbahn ).  Green — 
9,  fasciculus  longitudinalis  medialis ;  SI,  fibres  of  the  dorsal  part  of  the  com- 
mtsBura  posterior;  SI',  fibres  of  the  ventral  part  of  the  commissura  posterior; 
27,  fiuicicnlus  retrofiexus  Meynerti ;  S2,  fasciculus  thalamomammillaris  ( Vicq 
d*Azyri);  ^',  fasciculus  pcdnnculomammillaris  pars  basilaris  (pedunculus 
corporis  mammillaris) ;  58,  fibres  from  the  substantia  grisea  of  the  colliculus 
superior  to  the  region  of  the  nucleus  rubt^r  of  the  opposite  side.  Blue — 4, 
fasciculi  longitudinales  (pyramidales* ;  50,  fibres  of  frontal  cerebrocorti- 
c<»pontal  path  (medial  bundle  in  bfisis  pedunculi);  51,  fibres  of  cx'cipito- 
temporal  cerebrocorticopontal  path  ( lateral  bundle  in  basis  pedunculi ) ;  2fi, 
fibres  of  the  accessory  bundle  of  the  lemniscus;  26',  fibres  connecting  the 
substantia  nigra  with  the  cerebral  hemispheres. 
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where  von  Bechterew  thinks  they  are  interrupted  in  tbe  Docki 
of  the  corpus  trapezoideum.* 

At  &  level  corresponding  to  abont  the  middle  of  the  infenor 
olive,  the  fihrea  from  the  fasciculus  ventralis  proprius,  togeiba 


Fio.  102.— Srheniatic  sectiun  throagh  the  ntedullB  oblongata  at  the  lenl  of  tb 
ronta  of  the  N.  vaflu»  and  N.  bypof;lo8Mis.  (After  W.  von  BKhlmv.  D* 
LeitUDipibahneD  im  (ichini  und  Biickenmark,  Deatsch  von  K.  Wriulnt 
II.  AuC.  I^ipz.,  1B»9,  8.  193.  Fi^.  131.)  X.  root  of  X.  TBgns;  A'f7.nwC(if5 
''3'P'*KI<'™ub  ;  "-.V,  nucleus  ale  cineree  ;  nXlI.  nucleus  nervi  hj-poKloM :  A 
tisctas  solitarius :  nain.  narleus  ambiguns;  Sla.  nucleus  funicali  biei^ 
ventralis;  nip,  nucleus  funiculi  lateralis  do[»iis ;  fnis.  /njp,  fibirs  h™ 
DQclei  fimicDli  lateralis  to  the  cotpus  restifunue ;  I,  tnctns  qiinalit  ncm 
trigemini;  n,  snbstHntia  gelati tinea ;  cr.  corpus  restirurme ;  afe.  nodtn 
funiculi  cuoeati ;  n/jf,  cerebral  eitreiuit;  of  nuclrus  faniculi  gisriti*:  ■>. 
DUcleua  olivaris  inferjur ;  oit,  nucleus  olivaris  accenoriiis  dor»lb;  af 
nucleus  funiculi  ventralis;  py.  pyr^mis ;  ioi,  stratum  interolivare  leniniffi. 
IiBi,  fibres  of  the  stratum  interolivare  lemnisci  derived  fVom  the  contra-litKil 
nucleus  fuuii-uli  cuneati  and  continuous  farther  cerebralward  irilli  th 
lateral  portinn  of  the  lemniscus  medialis;  [ihii,  fibre  bands  of  tlw  tfnlia 
interolivar«  lemnisci  which  have  come  from  the  contm-latMal  norka 
funiculi  fcracilisand  which  farther  cerebral  ward  fonn  the  medial  ponta  ^ 
the  lemniscus  medialis;  narr.  nuclei  arcuali ;  fiu,  fibre?  arcuat*  ertrti« 
ventralea  which  have  come  from  the  nucleus  fuiiiroli  Krarilisof  theonusit 
side  by  way  of  the  deeuisatio  leninigcorum  ;  jf,  fihnp  arvuatte  intern*;.* 
position  of  the  so-called  "aberrant  bundle  ''  uf  the  medulla  euming  frumtk 
dorsal  perl  of  the  fiutcieulus  lateralis  pruprius;  foi,  fihne  oli  vocerebellH» 


*  We  know  now.  from  the  studies  mentioned  in  the  preceding  cbaptA 
that  this  ventro-Iateral  bundle  {aberrierendtt  SeilenslranfftAnM  at  *m 
Bechterew)  is  bj  no  means  so  simple  as  von  Bechterew  thought  it  to  be.  U 
includes  a  whole  series  of  ascending-  and  descending  fibre  sjsteio?— vtbD>- 
lateral  epino-cerebelUr  conjunctiral  systcin.  epino-quadrigeminal  stSa. 
spino-tbalamic  (ijrstetu.  legmen  to-spinal  sjratem.  etc.,  etc. 
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^'ith  a  part  of  those  from  the  fasciculus  lateralis  proprius,  are 
seen  in  the  form  of  a  compact  rectangular  bundle,  one  on  each 
side  of  the  raphe.  These  bundles  are  directly  continuous  above 
with  the  fasciculus  longitudinalis  medialis  (posterior  longitu- 
dinal bundle  of  many  authors)  on  each  side.  Between  the 
compact  bundle  in  the  dorsal  region  and  the  stratum  inter- 
olivare  lemnisci  are  situated  more  loosely  arranged  strands  of 
fibres,  which,  von  Bechterew  thinks,  represent  in  the  main  the 
upward  continuation  of  the  more  ventral  fibres  of  the  fascicu- 
lus lateralis  proprius  of  the  cord.  Another  portion  of  the  fas- 
ciculus lateralis  proprius  is  continued  upward  in  the  form  of 
isolated  bundles  in  a  region  lateral  to  that  just  described  dor- 


Stncb 


Fio.  403. — Schematic  section  through  the  upper  part  of  the  meduUa  oblongata  at 

the  level  of  the  root  of  the  N.  gloesophanrngeus.     (After  W.  von  Bechterew, 

Die  Leitungshahnen  im  Gehim  und  Ruckeuniark,  Deutsch  von  R.  Weinberg, 

U.  Aufl.,  Umpz..  1899,  S.  156,  Fig.  133.)    er,  corpus  resti forme ;   17//,  radix 

descendens  N.  vestibuli ;  uft,  nucleus  funiculi  teretis ;  IX,  roots  of  N.  glosso- 

pharyngeus ;  V,  tractus  spinalis  nervi  trigemini ;  »n,  substantia  gelatinosa ; 

/»,  tractus  solitarius;  fa,  continuation  of  fasciculus  lateralis  of  the  spinal 

cord  (von  Bechterew*s  "aberrant  bundle") ;  /mi,  fibres  of  interolivary  layer 

from  contra-lateral  nucleus  funiculi  cuneati ;  /mu,  fibn^s  of  interolivary  layer 

from  con tra-lateral  nucleus  funiculi  gracilis:  nci.  nucleus  centralis  inferior; 

nam,  nucleus  ambiguus;  oi,  nucleus  olivaris  inferior;  om,  nucleus  olivaris 

acoeflsorius;  p.v,  pyramis;  ir/ita,   striae  medul lares;  /c.   fasciculus  centralis 

tegmenti  {centraU  Haubenbahn). 


gtd  to  the  oliye.     These  last  fibres,  together  with  the  more  ven- 
tral of  the  fibres  of  the  fasciculus  longitudinalis  medialis,  appear 


614  THE  NERVOUS  SYSTEM. 

to  be  connected  intimately  with  the  nucleus  funiculi  ventralis* 
and  the  nucleus  centralis  inferior,  f  inasmuch  as,  when  semi 
sections  are  studied,  the  fibres  followed  up  from  below  sud- 
denly vanish,  at  least  in  large  part,  at  the  level  of  these 
nuclei. 

The  fibres  of  the  main  compact  bundle  (continuous  cerebral- 
ward  with  the  fasciculus  longitudinalis  medialis)  representnii 
most  of  the  fibres  from  the  fasciculus  ventralis  proprius,  and 
probably  a  few  of  the  fibres  of  the  fasciculus  lateralis  proj^o^, 
can  be  followed  above  the  nucleus  centralis  inferior  as  fv  ig 
the  nucleus  reticularis  tegmenti  J  (Fig.  401,  vide  supra).  Here 
a  number  of  the  fibres  appear  to  undergo  interruption,  but  many 
go  farther.  Of  the  latter,  a  few  cross  in  the  raphe  to  pass  to  tk 
nucleus  centralis  superior  *  and  possibly  to  the  ganglion  inter- 
pedunculare  Guddeni.  Those  most  dorsally  situated,  howerer, 
are  continuous  with  the  cerebral  extension  of  the  &scicnlig 
longitudinalis  medialis  (Fig.  406),  which  extends  at  any  rates 
far  cerebralward  as  the  nucleus  fasciculi  longitudinalis  medialk 
seu  nucleus  commissurae  posterioris  {oberer  Oculomotoriutktn 
of  Darkschewitsch). 

*  Misslawsky^s  "  respiratory  nucleus,"  Obersteiner's  Kem  des  Fsriff- 
siranggrundhundela  or,  as  I  call  it,  the  nucleus  funiculi  Tentralis  (Fig.  ^^ 

f  Nucleus  centralis  of  Roller,  the  mass  of  formatio  reticularis  giisea  »a 
in  sections  taken  through  the  middle  of  the  olive,  situated  midwaj  betvws 
the  pyramids  and  the  floor  of  the  fourth  ventricle  and  separating  the  i^ 
ulus  longitudinalis  medialis  from  the  stratum  interolivare  lemnisci  (Fig.^ 

t  A  mass  of  formatio  reticularis  grisea  near  the  raphe  in  the  pus  dre- 
salis  pontis.  It  corresponds  in  part  at  least  to  Flechsig*s  nacleos  centnls 
et  lateralis  medius. 

*  By  the  nucleus  centralis  superior  is  meant  the  mass  of  gray  mattff  *» 
on  both  sides  of  the  raphe,  ventral  to  the  fasciculus  longitudinalis  tse^ 
in  sections  taken  at  a  level  just  below  the  colliculus  inferior  of  the  corp* 
quadrigemina.    The  nucleus  centralis  superior  extends  from  thedeeuaaf^ 
of  the  brachium  conjunctivum  above  through  the  region  of  the  centnl'^f^ 
mental  nucleus,  being  situated  mainly  dorsal  to  the  latter.    The  fibre? « 
the  formatio  reticularis  curve  outward  to  give  place  to  this  nucleus.  ^'* 
Bechterew  calls  it  the  innerer  oberer  ceniraler  Kem  (nucleus  c«itrt» 
superior  medialis).  to  distinguish  it  from  a  small  mass  of  large  cells  (noc)^ 
centralis  superior  lateralis)  at  about  the  level  of  the  nucleus  lemnisci  l»t«** 
situated  in  among  the  white  fibres  of  the  middle  of  the  formatio  rptiffll*'^ 
on  each  side  (Pig.  404).    This  latter  nucleus  lies  in  the  angle  m«l*  ^  * 
main  decussatio  brachii  conjunctivi  with  the  decussating  fibres  of  the  «<*" 
missure  between  the  nucleii  Nn.  vestibulorum  superiores  of  the  tw  sb* 
(Pig.  405). 
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Of  the  recent  studies  dealing  with  the  ascending  fibres  of 
spinal  origin  in  the  fasciculus  longitudinalis  medialis,  those  of 
Held,*  Hoche,f  and  Tschermak  J  may  be  mentioned. 

IV. 


Fio.  404. — Schematic  cross  section  through  the  pars  dorsalis  pontis  at  its  junction 
with  the  isthmus  rhomliencephali.  (After  W.  von  Bechterew,  Die  Leitungs- 
bahuen  im  Uehini  unci  Riickenmark,  Deutsc*h  von  R.  Weinberg,  11.  Aufl., 
Leipz.  (1889),  S.  236,  Fig.  198. )  aq,  aqueductus  cerebri ;  Jfp,  fasciculus  longi- 
tudinalis medialis;  /c,  fasciculus  centralis  tegmenti  (cetttrale  Hauhenb*thn) ; 
fqu,  fibres  from  the  region  of  the  colliculus  inferior  t4)  the  nucleus  reticularis 
tegmenti ;  /K,  N.  trochlcaris ;  /mi,  fibres  of  the  lemniscus  medialis  from  the 
contra-lateral  nucleus  funiculi  cuneati ;  /inh,  fibres  of  the  lemniscus  medialis 
from  the  contra-lateral  nucleus  funiculi  gracilis;  Imp^  von  Bechterew's 
medial  accessory  lemniscus ;  Imsn,  von  Bechterew's  scattered  bundles  of  the 
lemniscus;  /m/,  lemniscus  lateralis;  ncjf^  nucleus  centralis  superior,  pars 
medialis ;  ncsl,  nucleus  centralis  superior,  pars  lateralis  ;  n/,  nucleus  lemnisci 
lateralis ;  nri,  nucleus  reticularis  tegmenti  pontis ;  pci,  dorsal,  pcu.  middle, 
pciii,  medial,  pcw  ventral  bundle  of  the  brachium  conjunctivum  ;  pcxx  repre- 
sents the  commissure  between  the  nuclei  superiores  nervorum  vestibulorum  ; 
«/r,  substantia  ferniginea,  l\  radix  descendens  ( mesencephalica )  nervi 
^gemiui. 

Held,  with  the  myelinization  method,  was  able  to  show  the 
relation  of  the  fibres,  and  especially  of  their  collaterals,  to  the 
nuclei  of  the  formatio  reticularis  grisea  and  to  the  nuclei  of 
origin  of  the  nerves  governing  the  eye  muscles.     His  researches 

*  Op,  eii. 

t  Hoche,  A.  Zur  Pathologie  der  bulbftrspinalen  spastisoh-atrophischen 
Uhmnngen.     Neurol.  Centralbl..  Leipz.,  Bd.  xvi  (1897),  S.  242-252. 

I  Tschermak,  A.  Uelier  den  centralen  Verlauf  der  aufsteigenden  Hinter- 
tnngbAhnen  und  deren  Beziehungen  zu  den  Bahnen  im  Vorderseitenstrang. 
Litj/,.  I  Anal.  u.  Physiol.,  Anat.  Abth.,  Leipz.  (1898),  S.  291-400. 
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deal  more  particularly,  however,  with  the  descending  fibres  in 
thia  region,  and  will  be  referred  to  more  at  length  in  Chapter 

^  LVIII. 

Hoche  studied  the  degeneratiom  iti  a  case  of  progressive 

~"  bulbar  paralysis  with  Weigert's  method  and  with  the  method 

_  of  Marchi. 


_  NucUutn, 


I  K./acialit    Nuelftunervt 


-     \ 


lru._ru«irut 
•Kill,. 


datponlit.    vena  Lnttiltau 

ttuprrfieialnl    mrdiatit. 


Flo.  406. — A  ngittal  RMtlon  of  the  roednlls  oblongata,  pons,  aod  mmcncephaloa 
parallrland  cloflc  to  the  middle  line:  rhild  Bged  ttirpe  months:  method  of 
WeiRerl  i  After  A,  Bniee.  11  lustra tionn  of  the  Nene  Ttwts  in  the  Mid-  and 
Hind  Brain  and  the  Crenial  Nerves  ariHing  therpfrom.  Ediub.  and 
Lond,,  189S.  pi.  iivii.  Fig.  I, )  The  fasciculus  loDfjituditialis  medialls  SDd 
ita  retadnn  to  the  baciculus  ventrslis  proprins  of  the  spinal  cord  are  particu- 
larly well  shown. 

Tschermak,  after  experiments  upon  cats  and  studies  with 
Harchi's  method,  has  given  the  latest  description.  According 
to  him,  the  long  neurone  system  from  the  spinal  cord  to  the 
cerebrum  by  way  of  the  fasciculus  longitudinalis  medialis  *  has 
its  origin  in  the  ventral  horn  of  the  spinal  cord.  The  peri- 
karyons and  dendrites  are  situated  in  the  group  of  commissural 

•  Das    aaftteigtnde    {eenlralaxont)    SpinocerebnUaytttm    im    doraalm 
LOtiffsMndel  of  Tscbermak. 


f-itiu»uuia  let  :iie  mwcuila.  inuiiuiank..  ic  T3j^  >tt^  wntf^  n» 
^^4ir4m  vMOk  \t  tstfcfe  -^niiL  Mini  ^rj^ueifr  nxr  m  aiom  :t]e  f&nits 
^v»ncrt»ii!b«.  r.Aft  tu^UGnL  ami  tinwm:  immaiL  H«taiiHi  ss^usasi 
intA'  "^^^  2r^'iiio»   'if  dhr^iii,.  'iiifi  aiBdiii^iiiiiBKilr  TpftDed   <«.& 

i^y^F^vck;^  !taitk*:r  *jiami^«xaciiia  'SUBbs  zjia  ihsHuanefi  :5izb  - jamgki.' 
THtf»  af)f^f%nit::]rui'  lhp(»  ^-^^  'iif  amnTsr  uiiliiQaaik  tli  the  !3aiiiie  aft 

4it/F?t^lifzr'U  if»  yiti^  h«*^fre«m  Il(«rk»r^beviise&:>  maitlkfiiB  :fiiil  lae 
nnfXfr^Wk  I»t#:TaiIi.«  fTxperiQC.  tbe  axones  taviiBsiisfjis-  ^  1^  'Siil^ 
//f  l>r>tb  norrlfri.  A  pttrt  of  th^e  €bf«s  go  tiEiw£&  nhe  pus  i& 
Xr%\l»  0I  the  ef>mmiss>im  |W6t«Tior  ceictri  to  tkCC9Lsiitif»  intae 
f:ffrr*i9i^ftA'm^  naclei  of  the  oppoate  9de.f 

Ac^'jmhu^  to  Held  and  Tsehennak,  the  utmmmtt  if^sm 
uufiffT  dimwmU/n  represenu  a  deep  crossed  coezweswn  <^ 
^nrtfi^infi  taking  place  low  dovn)  between  the  rpnril  eorin^ 
th^f  n»^;ld  of  cmgin  of  the  motor  cerebial  nerres  as  w^  a^  :M 
ri»/^lfri  of  the  formatio  retienlans  griaea  of  both  sides  a$  fvsp 
a«  the  i'j/tnmbmnnL  positerior  cerebri. 

There  haa  been  a  great  deal  of  controTersr  between  i« 
Be<;hterew,  Ton  Kolliker,  Held,  Ramon  y  CajaL,  ran  GehaditA 

•  Vtjrd^rfieitenttrangrest  der  MitUUinie  (Held). 

f  The  ftuf^rior  Uteial  nucleus  is  ccmtinuous  headward  with  tbe  «**^ 
nUdian  ot  the  nucleus  medialis  thalami.  It  will  be  noted  tbat  the  pas  ^»*' 
trill i»  of  the  <y>mmiKiura  posterior  cerebri  contains  crossed  fSbies  of  tk 
aw'^ndlrig  Hpino-r^rebral  system  which  mn  in  the  fasciculus  longimfiBi&B 
medialiNf  while  the  pars  dorsalis  of  the  commissura  posterior  cerebri  matsstf 
Aioiies  from  the  nuclei  of  the  dorsal  funiculi  which  arrive  in  this  ttpa^  ^ 
may  of  the  lemniscus  medialis. 
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Mahaim,  and  others  concerning  the  relative  number  of  ascend- 
ing and  descending  fibres  in  the  fasciculus  longitudinalis  me- 
dialis  and  in  the  other  bundles  of  the  formatio  reticularis  alba. 
Some  authors  hold  that  the  majority  of  the  fibres  are  for  centrip- 
etal conduction;  others  maintain  that  certainly  the  majority 
of  the  fibres  conduct  in  a  centrifugal  direction,  and  that  the 
paths  are.  motor,  not  sensory.  The  truth  seems  to  lie  in  a  mean 
between  these  two  extreme  views.  In  all  probability  we  have 
here  to  deal  (1)  with  ascending  or  centripetal  paths  consisting 
of  some  long  inaxones  and  also  of  a  number  of  shorter  super- 
imposed inaxones  (sensory  neurones  of  the  second  and  of  higher 
orders)  by  means  of  which  motor  nuclei  may  be  affected  by  im- 
pulses arriving  along  sensory  nerves  and  possibly  by  means  of 
which  impulses  concerned  in  sensation  can  be  carried  toward 
the  cortex;  and  (2)  with  descending  or  centrifugal  paths  by 
means  of  which  the  motor  nuclei  of  the  rhombencephalon  and 
spinal  cord  are  brought  under  the  influence  of  the  centres  of 
the  midbrain  and  perhaps  of  higher  regions. 

Some  of  the  ascending  fibres  may  pass  directly  into  the  me- 
dial lemniscus,  or  independently  into  the  hypothalamic  region, 
or  from  some  of  the  gray  masses  in  which  many  of  these  fibres 
end  axones  may  be  given  off  which  run  by  way  of  the  medial 
lemniscus  or  through  the  formatio  reticularis  to  join  the  other 
sensory  paths  in  the  hypothalamic  region. 

Just  here  it  may  be  mentioned  that  Ciaglinski  *  has  described 
a  long  centripetal  path  situated  in  the  substantia  grisea  of  the 
spinal  cord.  He  is  of  the  opinion  that  the  bundle  he  describes 
may  have  to  do  with  the  conduction  of  impulses  concerned  in 
pain  and  temperature  sensation.  I  have  no  personal  knowledge 
of  this  bundle,  and  thus  far  I  know  of  no  research  confirming 
the  results  obtained  by  Ciaglinski.  The  subject  of  centripetal 
paths  in  the  substantia  grisea  is  of  course  of  deep  interest  in 
connection  with  the  elective  sensory  disturbances  met  with  in 
syringomyelia  and  in  central  haBmatomyelia. 

The  paths  dealt  with  in  this  chapter  vrill  be  further  con- 
sidered in  Chapters  XLVIII  and  XLIX.  f 

*  Ciagliiiski,  A.  Lange  sensible  Bahnen  in  der  grauen  Substanz  des 
R&ckenmarkes  iind  ihre  experimentelle  Degeneration.  Neurol.  Centralbl., 
Leipz.,  Bd.  xr  (1896).  S.  773. 

f  Ct  also.  Campbell,  A.  W.    On  the  Tracts  of  the  Spinal  Cord  and  their 
Degenerations.     Brain,  Lond.,  vol.  xx  (1897),  pp.  488-535. 
41 


3.  Central  Henronat,  the  Perikarjeiu  and  Dendrite!  of  wbieh  are  dtnatid  ii  At 
Hndei  terminalee  of  the  Axonee  of  the  Gerehral  Peripheral  OnirifM 
Henronee. 

CHAPTER  XLIII. 

CENTRAL  NEURONES  PERTAINING  TO  THE  N.  VAGUS,  N.  GLOSSY 

PHARYNGEUS   ET  N.   INTERMEDIUS. 

Cerebral  centripetal  neurones  of  the  second  order — ^The  nucleus  alff  dootf 
— Studies  of  Roller  and  Holm — The  nucleus  tractus  solirarii-l^ 
nucleus  commissuralis. 

We  pass  next  to  the  consideration  of  the  central  nenron* 
pertaining  to  the  cerebral  sensory  nerves.     Their  cell  bodiff 
are  situated  in  the  various  masses  of  gray  matter  (naclei  km- 
nales)  in  the  rhombencephalon,  in  which  are  found  the  eiiil 
ramifications  of  the  axones  of  the  peripheral  sensory  nearon^ 
belonging  to  the  N.  vagus,  N.  glossopharyngeus,  X.  Testibii 
N.  intermedins,  and  N.  trigeminus.    The  medullatedaxoDe?rf 
these  central  neurones  pass,  partly  directly,  partly  after  decs* 
tion,  into  the  medial  lemniscus,  into  the  fasciculus  longiiu^ 
medialis,  and  into  certain  other  bundles  which  run  lonp* 
dinally  in  the  formatio  reticularis.     The  neurones  here  e* 
cemed  connect  directly  or  indirectly  by  means  of  8upe^ilnpoi^ 
neurones  with  the  cerebrum  through  the  cerebral  pediuw^ 
A  few  of  the  axones  doubtless  pass  into  the  cerebellum.  "^ 
individual  groups  of  central  neurones  can  best  be  undewtow^ 
each  be  described  separately. 

It  has  been  stated  above  (under  the  description  of  the  f 
ripheral  sensory  neurones)  that  the  sensory  axones  of  tie  • 
VAGUS,  N.  GLOSSOPHARYNGEUS,  and  N.  iNTERMEDii-s  terffliM^^ 
mainly  in  (1)  the  nucleus  alaB  cinerese,  (2)  the  nucleus  tnf^ 
Bolitarii,  and  (3)  the  nucleus  commissuralis  at  the  spifl*^  ^^ 

tremity  of  the  tractus  solitarius. 
620 
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nucleus  alsB  cinereae,  that  obliquely  longitudinal  mass  of 
ktter  extending  forward  from  near  the  spinal  extremity 
Lueleus  nervi  hypoglossi  below  to  a  few  millimetres  be- 
le  anterior  (or  cerebral)  extremity  of  the  same  nucleus 
,  corresponds,  in  the  floor  of  the  fourth  ventricle,  to  the 
f  erior  and  ala  cinerea  (Fig.  407).  It  is  characterized  in 
*se  sections  stained  by  Weigert's  method  by  its  poverty 
lUated  fibres,  thus  contrasting  strikingly  in  appearance 
3  nucleus  nervi  hypoglossi  which  lies  medial  and  ventral 
Fust  how  much  of  the  nucleus  alae  cinereaB  receives  ter- 
ind  collaterals  from  the  N.  vagus  and  just  how  much  of 
^es  fibres  from  the  N.  glossopharyngeus  seems  to  be 
1.  While  some  authors,  along  with  von  KoUiker,*  as- 
.t  in  microscopic  preparations  it  is  impossible  to  decide 
ther  than  to  state  that  the  uppermost  parts  of  the 

belong  to  the  N.  glossopharyngeus,  and  the  lowermost 
:  it  to  the  N.  vagus,  others,  with  Roller  f  and  Holm,  J 
ng  supporters  of  the  view  that  the  nuclei  of  these  two 
>re  entirely  independent  of,  and  on  close  examination 
Lstinguishable  from,  one  another.  Certain  it  is  that  in 
r  mass  which  we  call  the  nucleus  alsd  cinereae  it  is  possi- 
nake  out  more  or  less  distinct  groups  of  nerve  cells, 
ng  to  Holm  (Fig.  408),  in  a  section  through  the  middle 
Brminal  nucleus  of  the  vagus,  three  groups  of  cells  can 
ictly  made  out — (1)  a  ventro-medial  portion  of  the  vagus 

consisting  mainly  of  large  cells;  (2)  a  dorso-lateral 
of  the  vagus  nucleus  consisting  chiefly  of  small  cells ; 
the  nucleus  of  termination  of  the  N.  glossopharyngeus.** 
w  that  the  dorsal  vagus  nucleus  is  not  sensory,  but  a  real 
originis  for  motor  fibres  of  the  nervus  vagus,  advanced 


w7.,  S.  240. 

er,  C.  P.  W.    Der  centrale  Verlauf  des  Nervus  Glossopharyngeus ; 

us  lateralis  medius.    Arch.  f.  mikr.  Anat.,  Bonn,  Bd.  xix  (1880-'81), 

B. 

n,  H.  Die  Anatomie  und  Pathologic  des  dorsalen  Vagnskerns; 
Ag  zur  Lehre  der  Respirations-  und  Hustenreflex-  Centra,  ihrer 
lung  und  Degeneration.  Arch.  f.  path.  Anat.,  etc.,  Beri.,  Bd.  cxxxi 
78-120. 

n,  from  his  study  of  pathological  cases,  has  concluded  that  the 
r  the  tracheo-bronchial  (coughing)  reflex  is  to  be  sought  in  the 
Tal  part  of  this  dorsal  nucleus  of  the  vagus,  while  the  true  respira- 
re  belongs  exclusively  to  the  ventro-medial  part  of  the  nucleus. 
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iagram  prepared  by  Miss  F.  Sabin  from  a  series  of  sections  through 
I  of  a  new-bom  babe,  showing  the  nuclei  of  the  cerebral  nerves  and 
of  exit  and  of  entrance  of  the  roots  of  the  cerebral  nerves  in  flat  pro- 
a.  line  of  lateral  edge  of  fourth  ventricle ;  c2,  c2,  d,  d,  fovea  inferior  * 
uperior;  g,  lateral  surface  of  rhombencephalon ;  ///.,  area  of  exit  of 
notorius :  /F.,  area  of  exit  of  N.  trochlearis  ;  K,  area  of  exit  and  en- 

N.  trigeminus ;  lY.,  area  of  exit  of  N.  abducens ;  F//.,  area  of  exit  of 
is;  VIII.  {coch. ),  area  of  entrance  of  N.  cochlese ;  VIII.  {vestib.)^  area 
iCe  of  N.  v^tibuli :  IX.  and  X,  area  of  entrance  of  N.  glossopharyn- 
agus;  X/.,  area  of  exit  of  N.  accessorius;  XIL,  area  of  exit  of  N. 
sus;  Nu.n.III.^  nucleus  N.  oculo-motorii ;  Nti.n.IV.^  nucleus  N.  troch- 
'tt.n.  V.im.p. ),  nucleus  motorius  priuceps  N.  trigemini ;  Nu.n.  VI.,  nu- 
ibducentis ;  JVti.ii.  VII.,  nucleus  N.  £Eicialis :  Nu.a.,  nucleus  ambiguus ; 
lucleusalffi  cineresB :  Nu.n.v.fn.,  nucleus  N.  vestibuli  medialis  ;  Nu.n.vJt., 
^.  vestibuli  superior;  Nu.n.v.L,  nucleus  N.  vestibuli  lat4;ralis  (Belters}; 
, nucleus  N. cochlesB dorsalis ;  Nu.n.c.v.,  nucleus  N.  cochle®  ventralis ; 
!.,  nucleus  N.  hypoglossi ;  £.d.n.f.,  radix  descendens  [mesencephalica] 
lini ;  R.d.n.v.,  radix  descendens  N.  vestibuli ;  S.g.,  substantia  gelati- 
«o/.,  tractus solitariiLs ;  Tr.s.n.t,  tractus  spinalis  N.  trigemini;  Vent., 
torn  cells.  The  numbers  to  the  left  of  the  drawing  indicate  approxi> 
he  levels  of  the  corresponding  transverse  sections  represented  by 
to  317. 

the  sections  from  which  this  diagram  was  made  is  not  quite  trans- 
t  somewhat  oblique;  the  dorsal  surface  of  the  medulla  has  been 
r  the  knife  more  cerebral  ward  than  the  ventral  surface,  the  angle 
y  the  plane  of  the  section  with  the  longitudinal  axis  being  approxi- 
sventy  degrees,  as  measured  on  the  cerebral  side.  This  accounts  for 
int  (slight)  displacement  cerebral  ward  of  the  structures  in  the  ven- 
ous of  the  sections  as  compared  with  those  in  the  dorsal  portions. 
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I*  as  a  result  of  study  with  the  method  of  atrophy,  and 
'  supported  (for  smooth  muscle)  by  Marinesco,  f  as  a 
f  his  studies  of  the  nucleus  by  Nissl's  method  after  see- 
the nerre,  does  not  seem  to  be  well  founded.  We  know 
tt  the  changes  such  aa  Marinesco  describes  can  result 


glottopAarirnyti. 


Vrntricului  guarlvt.  S  jj 


dix  JIT.  voffi.  Fibnr.  areuala  Mema  from 

tmctut  aotitariita. 
-P&l  premration  rrom  tht  medulla  of  h  child  eii  weeks  old ;  eection 
;h  the  middle  third  of  th?  nucleus  a1»  cinerrte.   <Aft«r  H.  Holm.  Arch. 
1.  Amt.  etc.,  Berl.,  Bd.,  cii»l,  1893.  Taf.  ii,  Fig.  8.) 

y  from  lesions  of  the  axone  of  a  given  nenrone,  but 
n  injury  to  other  neurones  the  asooes  of  which  bring 
s  to  it.    (Cf.  Chapter  XXV.) 

age  as  it  may  appear,  the  information  we  possess  con- 
the  course  of  the  axones  of  the  neurones,  the  cell  bodies 
1  are  situated  in  this  important  nucleus  alse  cinerese,  is 
ly  meagre.     It  really  amounts  to  a  few  vague  state- 

s  0.  Ueber  die  Beziehung  d«8  Ncrrus  accessorius  ^n  den  Nn.  tb^ub 
{lossno.   Allg.  Ztschr.  f.  Paychiit.,  etc.,  Berl.,  Bd.  sUv  (1B88),  S.  65$. 
nesco,  6.    Les  nojftux  musculo-strite  et  tniucalo-lisses  du  pnenmo-' 
Compt  rend.  Soc  biol.,  Par.,  10  s.,  t  iv  (1997),  p.  1B8. 
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ments  as  to  the  origin  of  fibne  arcnats  intenise  from  the  ni- 
clens,  some  of  which  are  snppoBed  to  pass  to  the  medial  lemsij- 
cuB,  others  to  the  fasciculuB  longitudiualiB  medialis  or  to  the 
fo  mat'o   et'  ula  's  alba 
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The  views  held  concerning  the  nucleus  tractus  solitvit  u* 
also  very  divergent.     A  study  of  honsontal  aections  thwo^ 
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~  the  baby's  rhombencephalon  has,  however,  convinced  me  that 

r.  ^rhile  the  majority  of  fibres  entering  the  tractus  Bolitarius  and 

terminating   in   its  nucleoB  are  derived  from   the  X.  gloeso- 

pharyngeus,  nevertheless  a  goodly  number  of  fibres  from  the 

?« ,  vagus  also  follow  the  same  course.     It  seems  probable  that 

;  the  nucleus  tractus  aolitarius  also  receives  terminals  and  collat- 

*  erals  of  fibres  entering  as  the  S.  intermedius.     The  nucleus 

':  tractus  solitarii,  aside  from  the  nucleus  commissuralis  at  its 
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»  of  the  s(K:nnd  order  for  the  nucleus 


spinal  extremity,  consists  of  a  mass  of  gray  matter  which  sur- 
roands  the  tractus  solitariua  along  its  whole  longitudinal  ex- 
tent almoBt  like  a  cylinder.  In  this  mass  end  certain  collat- 
erals and  a  few  terminals  from  the  tractus  solitarius,  and 
in  it  are  situated  the  perikaryons  and  dendrites  of  sensory  neu- 
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rones  of  the  flecond  order.     Whither  their  axonee  go  ha£  not  j^ 
been  satisfactorily  determined. 

If  Ramon  y  Cajai^s  studies  be  confirmed,  tlieii  the  mdni 
commissnralis  (his  Cammissurenkern  or  gangliom  rtmumisfvm) 
most  be  regarded  as  one  of  the  main  depots  of  the  oril  bod» 
of  the  central  neurones  now  being  described.  AceoidiBgtft 
him,*  three  fourths  of  the  fibres  of  the  tractiis  solitvias  4 
cussate  at  its  spinal  extremity  and  terminate  in  the  fom  i 
a  most  complicated  plexus  of  fibrils  in  this  nucleus  (Fi^ 
409).  He  describes  the  cell  bodies  of  this  nnclens  as  bo^ 
small,  spindl&«haped,  ovoid,  or  triangular;  their  d^idnteeiR 
delicate  and  almost  smooth.  The  axis  cylinders  are  extrendy 
delicate  and  form  small  bundles,  which,  passing  laterdh  and 
forward,  reach  the  lemniscus,  some  of  them  crossing  in  Uti 
raphe.  Isolated  fibres  can  be  followed  throngh  the  foimtio 
reticubris  grisea  to  a  region  (Fig.  410)  which  correspaDds  t» 
the  path  of  the  axones  of  the  central  neurones  of  the  tngemiiiK 


♦  Op.  cit^  S.  4e. 


r 


CHAPTER  XLIV. 

CENTRAL  VESTIBULAR  NEURONE   SYSTEMS. 

The  nuclei  terminales  N.  vestibuli — Axones  from  these  nuclei — ^Medial  and 
lateral  central  vestibular  paths  of  Ram6n  y  Cajal — The  ventral  part  of 
the  decussatio  brachii  conjunctivi  a  vestibular  commissure— The  central 
vestibulo-spinal  bundle — The  fibres  extending  between  the  nucleus 
fastigii  and  Deiters'  nucleus — Influence  of  vestibular  impulses  upon  the 
eye-muscle  nuclei. 

The  cell  bodies  of  the  sensory  neurones  of  the  second  order 
pertaining  to  the  N.  yestibuli  are  situated  mainly  in  (1)  the 
nncleus  nervi  vestibuli  medialis,  (2)  the  nucleus  nervi  vestibuli 
spinalis  (radicis  descendentis),  (3)  the  nucleus  nervi  vestibuli 
superior,  and  (4)  the  nucleus  nervi  vestibuli  lateralis  (Fig. 
411).  Finally,  (5)  a  few  of  them,  as  we  have  seen,  must  be 
situated  in  the  cerebellum  (Ramon  y  Cajal's  nucleus  cerebello- 
acusticus,  the  nucleus  fastigii,  and  perhaps  in  the  nucleus  den- 
tatus  and  the  substantia  grisea  of  the  cerebellar  cortex).  The 
exact  location  and  reciprocal  relations  of  these  nuclei  have  been 
described  above  in  connection  with  the  peripheral  centripetal 
neurones.  The  course  followed  by  the  axones  which  go  out  from 
the  cells  of  these  nuclei  is  what  interests  us  here.  In  the  brain 
of  the  new-bom  child,  stained  by  the  method  of  Weigert-Pal, 
there  can  be  made  out  going  from  the  nucleus  nervi  vestib- 
uli medialis  and  from  the  nucleus  nervi  vestibuli  spinalis 
radicis  descendentis  numerous  medullated  internal  arcuate 
fibres.  These  fibres  difi!er  from  the  majority  of  internal  arcuate 
fibres  of  the  rhombencephalon  in  that  they  pass  close  to  the 
dorsal  surface  instead  of  making  a  deep  curve  ventralward. 
The  most  dorsal  of  these  run  toward  the  raphe  and  pass  in  among 
the  fibres  of  the  fasciculus  longitudinalis  medialis.  Some  of 
them  turn  to  run  forward  in  the  fasciculus  of  the  same  side ; 

others  of  them,  after  decussation,  turn  forward  in  the  fasciculus 

627 


THE  NEEVOUS  SYSTEM. 


(After  norpurt  B.^bin  Johns Hifk 
Hoep.  Bull.,  Bale.  vol.  viii.  ISUT.  Fig.  1.)  The  line  a.  a  repnwnmUrk 
eral  wall  or  the  ventricle  ;  the  line  6  corresponds  l«  the  lateral  natlisfi''' 
C4>rpua  restifornie  :  the  line  di  to  if 4,  di  to  dm,  And  the  line  r.  f,  t  roiiuf^^ 
the  BUici  ia  the  floor  of  the  fourth  ventricle;  C.d..  nucleus  neni  c^ 
doraalU;  C. «.,  DUclens  nervi  cochle*  ventialig ;  the  jpndiultei]  Knt* 
responds  t«  the  middle  line  of  the  floor  of  the  ventricle ;  f  lar..  IhMH 
K,  VII.  knee  of  nervun  bcialia;  L..  medial  portion  of  nucleus  ncrri  Rf^ 
biteiBlis  (Deiters);  Lt.  lateral  portion  of  BUcleas  nervi  vntibalt  M" 
(Deitenl ;  JV.  together  with  Y.  nucleus  nervi  vesttbuli  medialie  iSrbiill' 
Nue.  XII.  niicleuH  nervi  hypoelomi ;  AW.  17,  nueleun  nervi  abdown*:'!. 

Snncnliw  floccnli ;  !i.  «.  p.  f.,  nucleus  motorins  princeps  nervi  Uic*. 
I.  ».,  nucleus  olivaris  superior ;  A'.  «.  t'..  nucleus  nervi  Irigemini  '"^S' 
If.c,  root  bundle  of  nervBBCochleK  ;  A',  rrit..  toot  bundle  of  nerviBiT«iW^ 
R.d.n.re.,  radii  dearendens  nervi  vestiboli ;  S..  nucleus  ncrri  n**' 
.superior  (Becbterewi  lares  incloacd  in  the  broad  black  line  I ;  f*'/'. 
tnctus  spinalis  nervi  tritcemini ;  }'.  nucleus  y.  =  Bntem-lalrnl  puM* 
nucleus  uervi  vestibuli  medtalia ;  i,  decuaaatio  nervi  trigeiuini. 
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of  the  Opposite  side.*  The  majority  of  the  sxones,  from  the 
medial  nucleus  and  from  the  nucleus  of  the  descending  or 
spinal  root,  however,  appear  to  run  to  a  region  in  the  formatio 
reticularis  situated  lateral  and  ventral  from  the  nucleus  nervi 
abducentis  (Fig.  413),  where  they  assume  a  longitudinal  direc- 
tion,! sometimes  bifurcating  into  an  ascending  and  a  descend- 
ing limb.     A  good  many  of  the  axones  cross  the  middle  line 


Fia.  412. — tirrtion  through  the  rhombcnccphslnn  Wlnw  thp  genn  internum 
ndiciB  X.  fm-ialis.  lAfber  S.  RaDi6n  y  I'^sl.  BtitTns  ziini  Studium  der 
Mtdallft  OblunfcatB.  eti-..  BtmUt.  Ltipi..  laSfl,  S.  74.  Fig.  20.)  A.  rnnuatio 
rptirulam  grieea  in  which  thr  lateral  rctitntl  »lh  laiuuett  of  coiitrippui 
neurones  iif  the  second  order  cimnetted  with  the  S.  vPHlibuli  J  litfl ;  B.  latent 
portion  of  the  nucleuH  X.  vwtilmli  «pinalis ;  C,  medial  portion  of  the  same ; 
r.  tiactUB  RpinaliB  N.  trigemini:  T.  corpux  rcstiromie;  n,  A.  vcllsthe  (xones 
of  which  niu  to  the  lateral  central  vcfltibular  path ;  d,  ccIIh  the  aiones  of 
which  go  lateralward ;  r,  /.  axones  which  run  to  the  raphe.  The  letter  c 
indicateti  the  axones. 

and  reach  a  similar  "  lateral  vestibular  bundle  "  on  the  opposite 
side.  A  number  of  the  cells  in  the  nucleus  of  the  descending 
root  send  their  axones  lateralward  and  dorsalward  to  mingle 
with  the  fibres  of  the  descending  root.  As  yet  the  exact  termi- 
nation of  these  axones  has  not  been  satisfactorily  made  out. 

*  The  central  vestibuUr  path  running  in  the  fasciculus  longitudinalis 
mediftlU  ii  the  one  referred  to  by  Ramon  y  CbjhI  as  the  "innere  Veatibu- 
buisbkhn,"  or  medial  Testibular  path. 

t  Thii  longitudinal  bundle  is  called  bj  Ramon  j  Cajal  "  die  laterale 
Vestibulariibahn." 
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The  nucleus  nervi  Testibnli  superior  (von  Bechtere*)  cot 
tains  large  numbers  of  multipolar  cells  of  smaller  siie  "ska 
those  of  Deiters'  nucleus.  The  axones  follow  at  least  tn 
directions.     A  part  of  them   pass  through  the  nuclem  ud 


Flo,  413.— Frontol  aectbn  through  the  pons,  including  the  corpM  nrti{«« 
Deltrn'  nnd  Becht«rew'8  niiclcuB  and  the  vermis  of  the  cenbdlo"^' 
newborn  mouse.  (After 8.  Rain6n  y  C^unl.  Bcitrag  mm  Studinm  in  **• 
ObiongBtfl,  etc.,  BrcHler,  1898.  S.  85,  Fig.  18.>  A,  corpus  iwdfiiW  ™ 
lengthwise;  B,  radii  N.  Testihnii;  C.  tnictus  spjnslis  N'.  tntrmi  ■; 
nucleus  bistigii :  E,  nucleus  N.  vestibuU  Buperior  (von  Bechlff*  ■ 
Huperior  oitremity  of  niicleus  N.  vcstihuli  hiteislis  IDellcra';  ".,■•" 
dcntatuB ;  a.  Rscending  limbs  of  bifurcated  axunes  of  N.  vcstibili  ^  ■- " 
lalomis  from  thesij  to  Deiters'  nucleus;  c,  collateralA  from  «ionfS  rffT 
restiforaie ;  r.  descendinR  limbe  of  bifurcated  Axunes  of  K.  vp 
Kxone  (Vom  cell  in  Bechtercw'a  nucleus;  /,  collati^mlii  from  thf  u** 
the  corpus  restiforaie  to  the  ceretielliir  hemisphere  ;  g.  fibira  f"™^ 
rcBtiformp  which  sppe&r  to  branch  in  the  cerebellar  oirtei ;  k,  oM»* 
from  the  corpus  restiforinc  to  the  yermla :  i.  free  branching  of  in  "'•^  _ 
the  nucleus  mstigii;  j,  cells  of  the  nucleus  faatigii.  the  aioacscJ'UcB'*  | 
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=1 1  through  the  bracbiain  conjunctiTum  into  the  cerehellum,  appar- 
r ;  ently  following  the  same  course  ae  the  fibres  connecting  Dei- 
-.  ters'  nucleus  with  the  cerebellum  {vide  infra).  The  majority 
- :  pass  ventralward  and  medialward  (Fig.  413)  to  the  region  of 


GcL 


in.  414. — Transrene  section  through  hnin  of  newbora  babe.  Level  oTcollic^uli 
iDferioreeiifcorpDiaiiuadrigeniiiu.  |  Wtigert-I^l.  Berii«  ii.  uection  No.  a80.> 
Aq.ffr.,  aqueduetus  cerebri  ;  >,  Sbres  niniiiiig  from  lateral  lemnisvus  toward 
diitml  border  uf  bracbiam  conjuuctivum  ;  Br,  Cmt}.,  bracliiam  eanjnnrtivum ; 
C.t.i.,  cummitBure  between  the  collieuli  inferiores;  r>ee.Beth„ventn\  portion 
of  brachlum  conjunctivQin,  which  in  reality  forms  a  commiieare  between  the 
superior  nui'lei  iif  the  vestibular  nerves  of  the  two  sides ;  f.[.at,.rascica1uslnD- 

K'ludiDalismedialis:  /".iV- faseiruli  loni^tudinales  pontis  <  pyiamjdales ) ;  L.I., 
ronisrus  lateralis  in  large  part  terminating  in  the  nucleus  of  the  colliculng 
inffrior ;  L.M..  lemniscus  medialis ;  A'.f  F.,  N.  trochlesris ;  .Vu.Cblt.in/..  nucleus 
eolliculi  inferioris;  A'«.e.i.>'i.  nucleus  centralis  superinr.  pars  laterslis: 
Aii.irjr.liii).nncleusecntreliSHUperlor, pArBmedialis:  fijin. I'.. radixdexcendens 
r..,-.^n~...h.i:...i  w  ,j™._i^,.  s.jr.t., stratum  griseurocentiale.    (Prepara- 


Deiters'  nucleus,  where  some  of  them  probably  end,  though 
most  appear  to  pass  through  the  nucleus  (perhaps  giving  off 
collaterals  to  it)  in  order  to  follow  the  same  course  as  that  pur- 
aned  by  the  axones  arising  in  it.     The  axones  from  Ramun  y 
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CajaPs  nucleus  cerebello-acusticus  apparently  follow  the 
course  as  those  from  von  Bechterew's  nucleus. 

Von  Bechterew  *  describes  a  bundle  of  fibres  running  froo 
the   nucleus    nervi  vestibuli  superior  of  one  side  to  that  d 
the  other  by  way  of  the  brachia  conjunctiva.     The  fibres  which 
make  up  this  bundle  are  the  first  of  all  the  fibres  of  the  brachJDB 
conjunctivum  to  become  medullated,  and  occupy  in  the  middled 
the  pons  its  most  ventral  part.    Von  Bechterew  asserts  that  the 
fibres  have  nothing  to  do  with  the  cerebelluni,  that  thej  m 
forward  as  far  as  the  upper  part  of  the  pons,  but  before  react- 
ing the  general  decussation  they  leave  the  brachium  conjuncii- 
vum  and  pass  over  to  the  other  side  in  the  form  of  a  commis- 
sure.    Portions  of  this  vestibular  commissure,  which  is  ^elatiT^ 
ly  independent  of  the  main  decussatio  brachii  conjunctiTi,  are 
shown  in  Fig.  414  and  Fig.  415.     The  connection  of  the  aiooft 
of  these  fibres  with  the  cells  which  give  them  origin  by  Golgi'? 
method  has  thus  far  not  been  established.     In  Miss  Flormt 
Sabin's  wax  model  of  the  medulla  oblongata,  however,  the  re- 
construction shows  the  intimate  relation  of  von  Bechterevi  hd- 
cleus  to  the  ventral  part  of  the  brachium  conjunctivum. 

The  course  of  the  axones  of  the  neurones,  the  cell  bodie 
and  dendrites  of  which  constitute  the  nucleus  nervi  vegtibflii 
lateralis  (Deiters),  has  been  studied  by  nearly  all  investigate? 
who  have  been  active  recently  in  this  field,  and  he  who  ^ 
know  this  region  in  its  details  should  study  the  article  of 
Obersteiner/yon  Kolliker,t  Sala,  J  Held,  *  Ramon  y  Cajal,|a»^ 
Eisien  Russell.^     The  cell  bodies  in  Deiters'  nucleus  are  Itff 
and  multipolar,  resembling  closely,  by  all  methods  of  eiamin*- 
tion  (including  that  of  Nissl),  the  motor  cells  of  the  tentnl 
horns  of  the  spinal  cord.    The  axones  of  the  cells  are  of  to 


♦  von  Bechterew,  W.     Op,  dt,  S.  117  u.  135. 
t  Op,  cit,  S.  269  /. 

X  Sala,  L.  Ueber  den  Ursprung  des  Nervus  acosticas.  Areh.  I  b^ 
Anat.,  Bonn,  Bd.  xlii  (1893),  S.  18-52. 

*  Held,  H.  BeitrSge  zur  feineren  Anatornie  des  Kleinhirns  and  * 
Hirnstammes.  Arch.  f.  Anat.  u.  Physiol,  Anat  Abth..  Leipz,  (1893),S.4fi' 
446. 

I  Ram6n  y  Cajal,  S.  Beitrag  zum  Studium  der  Medulla  Obk«?«» 
etc.    Deutsch  von  Bresler,  Leipzig  (1896),  S.  67  fl. 

^  Russell,  J.  S.  R.  The  Origin  and  Destination  of  Certain  Affenaittfi 
Efferent  Tracts  in  the  Medulla  Oblongata.  [Abstr.]  Brit.  M.  J..  liOmKl'^ 
i,  p.  1155.    Also  in  Proc.  Roy.  Soc.,  Lond.,  vol.  Ixi  (1897),  pp.  73-71 
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:o.  41S  — Hnnzontal  wc tioD  through  the  medulla  pons  and  midhraiD  of  a  new- 
Imm  InlH  ^^fiRirt  Pitl  bUiiiiuk  Livd  u(  durwl  part  uf  curpUB  tmpezoi- 
dcuni  unit  donul  purtioo  of  nuclrU'i  ( lirans  inferior  <  '4i  nis  in  KCtiun  No. 
132)  rt  inrpti9lmpf.zoid(imi  Dfc  Br  Omj  dwiinaatiobracliii  conjunctivi ; 
I)rr  BrchI  (.omminmire  bclvmi  Birhterew  s  nuclei  J>  c  n  r  dorsal  capsule 
of  nnrleun  ruber  Fai  fibre  nrcuaUB  iutcrnie  Fasc  rrtrof  faarlrulUB  retm- 
fleiUB  Meynerti  Flm  fasmnlus  longitudiuaiis  mcdwlis  Flp  bundle 
cnntinu  iuh  with  the  fiisficulua  latentlia  pmpnuit  if  Ihi  Lord  Fl  p  id  dorsal 
portion  of  bundk  nntinaoiia  with  fiutcirulus  Literalis  nroprius  of  the  cord ; 
L.I  lemniwug  latttslw  Lm  lemniivlis  nipdlalls  N III  radix  N  oeulo- 
mntnrli  \  Mot  1  mitor  root  of  N  triKCininuR  A  I  wniioiy  root  of  N. 
trifteminns  A  1/  i»du  N  ahdueentiH  A  III  radu  h  Ikciatis  pars  ae- 
eanda  \  nM  ndix  N  ventibuli  %  \7  mdii  N  accemom  A  Xlt  ndii 
N.  hypoglotsl  Nb  Flm  nnrl  us  fascimli  lonBitudinalis  mpdialig,  or  nu- 
elens  romniimunp  pnst<  nona  i  obrrrr  Ori  lomaloTiHtirni  of  Darksohewitsch) ; 
Xn  n  III  m  para  imparnf  nurleus  V  ocnlomotoni  ^H  n  ///(  para  lateralis 
of  DDcleus  V  iculflm'itoni  Ahoi  nurleua  olivana  superior  ^lcIlc.r., 
norleus  \  <rnclile»  tentralM  \moi  nurleua  oilcans  inferior  \NDa.R.. 
nucleus  oliTsnn  aecevumus  miHlialis  TV  /r  tiii  f)  tract  from  Outers  nucleus 
to  the  spinal  cord  i  I'reparation  by  Dr  John  Hewetson  ) 
42 
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calibre  and  devoid,  or  almost  devoid,  of  collaterals.  The  exact 
courses  which  they  follow  are  still  not  entirely  settled,  but  at 
any  rate,  concerning  certain  groups  of  axones,  we  now  possesB 


Fli  417— Trsnsvirgo  necfion  thmush  the  rhornhdntphalon  of  a  mnuiiF  at  the 
Itvdor  IXilrrB  nuiliua  and  the  ii  rpuH  trawu  ich  um  \ftfr  S  ]Uni6n  y 
<i(Jal  BiitniK  mm  *"tu(liuin  der  Mrdulla  ObLmptta  iti  Bn'sler  Liipi 
IHS6  S  10  Fifi  3  i  rnsciculUH  lonEitudinaliH  mediHlia  B  radix  N 
fitrialw  Kpnii  intemiiDi  C  trartus  spinal  in  N  Irim-mim  />  radii  N  faiiAlis 
B  pynimis  F  rorpim  ttaiH>zo)di>uni  n  nuclrus  h  ccuhlrw  \Fi>tralii>  H 
nirptiR  mitironnt  L  ftuint  cells  of  niiiHtantui  Relatinom  of  N  tri|»iiiinui' 
M  rdlatiTals  ttom  aiontw  nf  fintciculns  longitudinalis  mrdinUH  ^  raphe 
P  vertiiaU  path  formnl  hv  axoDvs  of  nnvlti  terniinakB  coDnt^ted  with  thp 
N  (  VIII  IX  and  r  R,  terminal  nxnnni  nf  rnipiw  trapctuidt^uni  t 
motrn  fnim  wild  in  the  Ducleas  N  corhUtF  donnliB  j  nurliiu  N  lestibuli 
Iktvralis  lIVitrrHi ;  m.  aiiincs  thim  utlla  In  Driton  nucleaa,  o,  azunm  from 
i»lla  In  sufaBtantia  gclatiiuna. 

definite  information.  Thus  it  is  known  that  a  large  number  of 
the  szones  pass  doraalward  through  the  nucleus  nervi  vestib- 
dU  superior  (von  Bechterew)  and  through  the  bracbium  con- 
jnnctivnm  into  the  cerebellum.     These  end  in  the  gray  masses 
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situated  in  the  roof  of  the  fourth  ventricle  (chiefly  in  ■■ 
cleus  tastigii,  but  possibly  also  in  the  nucleua  globos' 
nucleus  emboliformiB)  of  the  same  side  and  of  the  opposite 
mainly,  it  would  seem,  in  the  latter.  Every  one  who  hast 
serial  sections  of  the  new-bom  babe's  medulla  and  cere 
must  have  been  impressed  by  the  bands  of  mednllated 
which  ob\iouBly  extend  between  the  nuclei  of  the  roof  > 
region  of  Deiters  nucleua  (Fig  41C)  \ow,  while  the  nu 
perhaps  of  iDTegtigators  regard  these  bundles  as  med 
s  arising  from  cells  situated  in  the  nuclei  of  the  ro 

Radu  a  /(icia(u(genu  infemum) 


ilhrfim  cutiH  De  trrt  ntirfna 

all!  to  ihf  funicttliu  tattml  t 

>n  thTDUgh  the  brain  stem  of  a  newborn  rat  Tbf(«» 

, uiideBBneryivestibuli  latoralia  (Dciwrs'loU*'*' 

of  thi;  veutro.latt)ral  funiculi  is  illnstiated.  (.\tltr  H  Hi'ld.  Al*"""^' 
math.jihya.  a.  d.  k.  Siicha,  OesellMh.  d.  Wisseusch.,  LeiM.,  Bd.iviii^' 
1893.  iVf.  ii.  Fig.  8,) 

passing  to  Deiters'  nucleus  of  the  opposite  side,  still  'on  ^'^ 
ker's  studies  by  the  method  of  Golgi  show  clearly  th»li  I* 
of  these  fibres  represent  asones  passing  in  the  opposite  Ji* 
tion,  having  their  origin  in  the  cells  of  Deiters'  nncleiB. 
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The  majority  of  the  axones  from  Deiters'  nucleus  do  not, 
however,  pass  into  the  cerebellum,  but,  together  with  the 
axones  from  the  nucleus  nervi  vestibuli  superior,  pass  medial- 
ward,  in  order  to  reach  certain  longitudinal  bundles  of  fibres  to 
be  immediately  described.  The  fibres  passing  medialward  may 
be  divided  into  two  groups:  (1)  those  more  dorsally  situated, 
and  (2)  those  passing  more  ventralward.  The  former  group  of 
fibres,  as  Ramon  y  Cajal  describes  them  in  the  mouse,  pass 
from  Deiters'  nucleus  medialward,  avoiding  the  knee  of  the 
facial  nerve ;  they  go  sometimes  behind,  sometimes  through  the 
nucleus  nervi  abducentis,  cross  the  raphe,  and  enter  the  fascic- 
ulus longitudinalis  medialis,  where  they  bifurcate  into  an  ascend- 
ing and  descending  limb,  the  former  often  being  the  stouter 
(Fig.  417).  This  "medial  or  crossed  central  vestibular  path," 
Kamon  y  Cajal  thinks,  is  the  principal  constituent  of  the  fascic- 
ulus longitudinalis  medialis.  The  second  group  of  fibres  pass- 
ing to  a  more  ventral  and  lateral  position  has  been  seen  and 
studied  by  several  neurologists.  Thus  Bruce  *  saw  and  pictured 
it  as  early  as  1889,  and  the  bundle  is  indicated  in  Fig.  150,  page 
382,  of  Obersteiner's  text-book  published  in  1892.  The  bundle 
was  carefully  described  by  Held  f  in  1891  and  in  1892,  and  I 
have  for  illustration  reproduced  one  of  the  pictures  accompany- 
ing his  articles  (Fig.  418).  The  axones  going  into  this  bundle 
have  been  studied  by  Golgi's  method,  especially  by  von  Kol- 
liker  and  by  Bamdn  y  Cajal.  It  may  correspond  to  Bam6n  y 
CajaFs  "lateral  or  direct  central  vestibular  path"  (Fig.  419). 
Having  reached  the  bundle  (which,  as  the  figures  show,  is  situ- 
ated laterally  as  regards  the  root  fibres  of  the  nervus  abducens, 
and  dorso-medially  as  regards  the  superior  olive),  the  fibres  turn 
in  it  to  assume  a  longitudinal  direction.  Some,  probably  the 
majority,  turn  down  toward  the  spinal  cord ;  others  turn  up  to 
run  toward  the  midbrain,  while  still  others  bifurcate,  one  branch 
turning  upward,  the  other  downward  into  the  fasciculi  proprii 
of  the  spinal  cord  (Held),  and  in  all  probability  come  into  ana- 
tomical relations  with  the  cell  bodies  and  dendrites  of  the  lower 

♦  Bruce,  A.  On  the  Connections  of  the  Inferior  Olivary  Body.  Proc. 
Roy.  Soc.  Edinb.  (1889-*90),  1891,  vol.  xvii,  pp.  23-27. 

t  Held,  H.  Die  centralen  Bahnen  des  Nervus  acusticus  bei  der  Katze. 
Arch.  f.  Anat.  u.  Physiol.,  Anat.  Abth.,  Leipz.  (1891),  S.  271-291.— Die 
Beziehungen  des  Vorderseitenstranges  zu  Bahnen  im  Mittelhim,  Abhandl. 
d.  k.  SSchs.  Gesellsch.  d.  Wissensch.,  Leipz.,  Bd.  xviii  (1892). 
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motor  neuronea  situated  in  the  ventral  horns.  The  bnnJlf 
marked  Tr.fT.nu.D.  in  the  accompaaying  Ulnstration  repn- 
senta  the  qyatem  under  description  (Fig.  420).*    This  Testibnk 


Flu  416— Transverse  iwotion  tbrongh  Dc  tcTS  nuc  eua  ofa  motuva  fewbri*' 
AfterS  RnmAn  y  Ltual  Bt  trag  zom  Stud  um  der  Mpdutla  Obi  nplLi*- 
Bn'sl  r  Li  pz  lS»e  S  SS  P  X  IB  A  a  leus  N  vcetiboti  lil>«^ 
De  ten  B  nuc  e  m  N  vfflt  hnl  media  »  fraiu  -pnaLS  mpe"- 
D   corpus  rusttforme       E   isd  i  ncrvi   Tac  al  b    pan    aorunda  an"* 

fmseuin  ■entntle  F  V  vent  b  a  «llHof8ub»la  t  a^n'  at  Dnaaiir  mc* 
iDat  A  latrr&l  centra  vivt  bula  path  d  nntral  v 'Stihula  pathnarhisv 
raphe,  cgeou  mbintum  Rad  "i  facialui  /  axo  s  from  N  -vsObo  'li 
appoar  k>  tc<>  tunard  th  raphe  a  ei>  ateraU  frum  c^ntnt  t  tsnbuh  <*" 
)i.  nifurcation  of  an  aione  com  ng  from  De  tera  nucleus    the  ex    i^ 

Spinal  bundle  will  be  described  more  fully  in  Chapters  Lni" 
LIX.  The  ascending  fibres  of  both  medial  and  lateral  mU^ 
vestibular  paths  may  be  of  importance  in  furthering  the  tra^ 

*  Dciters'  nucleus  thus  in  all  probability  represents  nn  imparUU  "' 
Btation  between  the  cerebeltiim  and  the  spinal  cord.  The  fu't  Ibil  V 
aiones  from  Deiters'  nucleus  pass  down  inlc  the  ventro-latenl  r"' 
bumlle  doubtless  explains  the  interesting  observation  of  Roller.  «b«l'0; 
that  Ihe  cells  of  Deitera'  nucleus  Rtrophied  after  section  of  ths  opp*  '' 
vical  cord. 
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Fia.  420.  —  Horizontal  xcrtiun  thnHiKh  the  nu-flulli),  ponn.  and  mitlbrsin  ot»  new- 
born Islw.  Weiprt-I'iil  HtnininR.  Ixtvel  uf  dcrumutiu  hntchii  lunjunrtiTi 
and  of  nuikTi»  n-tit-dlanK  tt'ftnienti.  (Serirs  iii.  witioii  No.  108.)  C.p., 
comniiHHura  piiHtrrii>T  (-orebri:  l)fe.B.e..  dii^umatiu  bm'hii  runjunctin : 
Dre.BeM.,  ainiiulimire  bvtwctn  Bvi'htrn'W'ii  nuclei :  DJ.,  fibns  lo  deciuistio 
teKtDenti :  F.a.i.'CiiH.',,  tibne  Hrruatie  intvnue  fruni  the  nui'leuH  funiculi 
cuneati :  F.c.,  fiiaciculUH  euiieatns:  F.r.  lo  F.r.,  bundle  from  foacirnlua 
cunmtun  tu  romiatio  n'ticuUris :  F.n,,  fiuviruluH  xru^ilis:  FJ.m.,  &aricnla« 
lonidtudinallsniediullg:  /..«..  lemnliiriiH  nicdUlU:  U.,  iemniiH'iiii  UtoialU; 
Mill.  v..  radii  miAoriuM  N.  Irigemini ;  X.VII.,  radix  N.  fiu-ialis.  pars  xecnnda; 
y.Ffnl..  radii  N.  Vfslihuli:  .Y.I7..  ndii  N,  abducvntU:  X.MI..  nidii  N. 
bypoKloeai:  XA7.,  radix  Vacci-SMrii;  .V'N.n. ///.(«).  ducIpuhX.  oculnmnturii. 
pant  Ltterftlia;  Xa.n.lll.ih),  nucleiix  N.  oculonKitvrii.  para  impar;  Sv.c.t.'li, 
nui'lenn  centralis  nuperiiir.  pam  lateralis:  XH.e.i.im).  nurleUH  rentralia 
■uprriiir,  para  modialiM :  Xh.I.I.,  nueleiw  IrmniHei  btteialin;  Sn.n,  I'll.,  nurleui 
N.  fai:ialiKi  Xa.X.c.r..  iiueleUH  N.  corhleffi  ventrallit:  .Yn-cf..  nurleiin  rrn- 
tnlia inferior;  Xn-r.!.,  nlicliiiit  rt'tirularni  trmnenti:  jVN.f.ii.,nu('ltua  latenlii 
KU^'riori   Sl.gr.e.,  Htratnm  RriBeum  ifntmlc:   .SrN.T.,  —  ~    '     '" 


,  KulMlHnlia  Ki'liiliiioHU  Riilandi : 
iMU-T«'  niii'lfus  (o  the  xplnHl  cird:  T.i.n.V..  tract 
■PreiBratiim  by  r>r,  Joliii  Hew,.l»m,l 


rr.fr.nH.n..  tract  from 
IK  BpinaliH  N.  trigemini. 
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port  of  impulses  toward  the  cerebral  cortex ;  if  so,  they  are  pn^ 
erly  regarded  as  azones  of  sensory  neurones  of  the  second  oids 
in  the  general  path  from  the  periphery  of  the  body  to  the  90iib» 
thetic  area  of  the  cortex.  The  exact  course  of  the  aacendo^ 
fibres  is  not  wholly  clear ;  those  of  the  medial  path  aecompiBT 
the  fibres  of  the  fasciculus  longitudinalis  mediaiis ;  *  indeed,  d 
Ramon  y  Cajal  be  right,  they  make  up  a  lar^e  part  of  tkk 
bundle ;  those  of  the  lateral  bundle  either  join  the  lemniflCB 
mediaiis  or  run  up  as  a  separate  bundle  in  the  f  ormatio  retin. 
laris,  some  of  them  ultimately,  in  all  probability,  passing  throng 
the  tegmentum  of  the  cerebral  peduncle  into  the  diencephaka. 

*  The  afferent  vestibular  impulses  in  the  fasciculus  longitudinalis  at- 
dialis  probably  exercise  a  controlling  effect  upon  the  eye  muscle  nncki.  h 
vestibular  disease  a  peculiar  form  of  nystagmus  is  not  infrequently  mA 
with. 


CHAPTER  XLV. 

CENTRAL  CENTRIPETAL  TRIGEMINAL  NEURONES. 

The  substantia  gelatinosa  and  nuclei  tractus  spinalis  nerri  trigemini — Inter- 
stitial cells — Marginal  cells — Deep  or  medial  cells — The  giant  cells — 
Axones  and  collaterals  of  central  trigeminal  neurones. 

The  cell  bodies  and  dendrites  of  the  sensory  neurones  of  the 
second  order  pertaining  to  the  sensory  part  of  the  nervus 
TRIGEMINUS  are  situated  in  the  substantia  gelatinosa  and  adjar- 
cent  gray  matter.  The  substantia  gelatinosa  adjacent  to  the 
tractus  spinalis  nervi  trigemini  may,  therefore,  be  called  the 
nuclei  tractus  spinalis  nervi  trigemini.  The  large  mass  of 
substantia  gelatinosa  situated  opposite  to  and  somewhat  above 
the  entrance  of  the  nerve,  often  referred  to  as  the  main  sensory 
nucleus  terminalis  of  the  trigeminus,  is  really  only  an  expanded 
upper  extremity  of  the  substantia  gelatinosa,  which  accom- 
panies the  tractus  spinalis,  inasmuch  as  serial  sections  show 
that  these  masses  are  directly  continuous  with  one  another.  A 
portion  of  this  large  main  mass  of  the  anterior  extremity  of  the 
nucleus  is  intercalated  between  the  motor  and  sensory  bundles^ 
and  is  possibly  destined  to  receive  the  ascending  limbs  of  bifur- 
cation of  the  entering  sensory  axones. 

These  terminal  nuclei  of  the  sensory  trigeminus  have  been 
studied  especially  by  von  Kolliker*  and  by  Bam6n  y  Cajal.f 
According  to  von  Kolliker,  the  cells  may  be  divided  into  two 
kinds:  (1)  large  cells  and  (2)  small  cells.  Their  axones,  he 
believes,  pass  medial  ward  as  fibrse  arcuatae  intemse,  decussate  in 
the  raphe,  and  turn  to  run  longitudinally,  probably  in  the 
medial  lemniscus. 

Sam6n  y  Cajars  studies  concerned  chiefly  the  nuclei  in  the 

•  von  K5Uiker.    Op.  cit,  S.  281  ff. 

t  Ram6n  y  Cajal,  S.     Beitrag  zum  Studium  der  Medulla  Oblongata. 
Deutsch  Ton  Bresler,  Leipz.  (1896),  S.  6  ff. 
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mouse.  He  divides  the  cells  of  the  sensory  nucleus  into  three 
zones:  (1)  the  interstitial  cells,  (2)  the  marginal  cells  (Ami 
zellen)^  and  (3)  the  deep  or  medial  cells.  The  interstitial  edk 
are  triangular  or  stellate,  sometimes  spindle-shaped.  They  are 
located  between  the  bundles  of  the  deep  layer  {vide  ^upn,  p. 
522)  of  the  tractus  spinalis  or  between  this  and  the  superfidil 
layer.  Their  dendrites  pass  ventrally,  dorsally,  or  medi^jia 
among  the  bundles  mentioned.  Their  axones  assume  osnallT 
a  longitudinal  direction  either  in  the  adjoining  bundles  of  the 
tractus  spinalis  or  in  the  substantia  gelatinosa  itself.  The  &i^ 
are  nearly  of  medium  size,  although  many  of  them  reach  con- 
siderable dimensions  (Fig.  421,  a). 

The  marginal  cells  form  a  thin  layer  just  medial  to  the  bsn- 
dles  of  the  deep  layer  of  the  tractus  spinalis.  Many  of  thes 
are  spindle-shaped,  others  are  pear-shaped,  the  dendrites  assum- 
ing variable  directions.  The  axones  run  in  part  yentralward, 
giving  off  collaterals  to  the  substantia  gelatinosa  and  being  con- 
tinued as  longitudinal  fibres  of  the  planum  JibriUare prafui' 
dum^  in  part  medial  ward,  in  order  to  help  in  the  formation  (tf 
the  central  sensory  path. 

The  deep  or  medial  cells,  those  of  the  substantia  gelatisoa 
proper,  are  very  numerous.     In  shape  they  are  usually  triangii- 
lar  or  stellate,  and  can  be  divided  into  giant  cells  and  snail 
cells.    The  latter  are  the   more  numerous  and  are  arruigvd 
chiefly  in  the  form  of  small,  sometimes   indistinctly  limittd, 
islands.     These  islands,  which  appear  ncTer  to  be  absent  froB 
the  dorsal  region  of  the  substantia  gelatinosa,  consist  of  three 
elements:  (1)  Very  finely  branched  varicose  dendrites, ariaii^ 
from  the  spindle-shaped  or  triangular  cells  and  lying  in  the  is- 
terspaces  between  the  islands;  (2)  extremely  complicated  den- 
drites, which  have  their  origin  in  the  small  cell  bodies  Imf 
within  the  cell  islands ;  (3)  a  number  of  very  dense  plent^j 
made  up  of  the  end  ramifications  of  collaterals  or  termis>^ 
from  the  axones  of  the  tractus  spinalis  nervi  trigemini.  Tb 
very  delicate  axis  cylinders  of  the  small  cells  of  the  islands  £n» 
off  branched  collaterals  in  the  substantia  gelatinosa  and  foI]<>* 
an  irregular  course,  so  that  Ramon  y  Cajal  could  rarely  foD^* 
them  beyond  the  substantia  gelatinosa   itself.     Occasionslj* 
however,  he  saw  one  reach  the  formatio  reticularis  griset,  ^ 
he  assumes  that  such  axones  perhaps  enter  the  central  seos^ 
path. 
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The  giant  cells  are  Bcattered  irregularly  through  the  whole 
substantia  gelatinosa  the  azones  from  these  cells  could  be 
easily  and  certainly  followed      Ansing  ordinarily  from  a  den- 


in  431  TraniiTFnie  se  on  hmunh  the  tractus  npinnliit  N.  trigcmini  and 
adjftvcn  HnhHtantlaKtlA  nom  of  a  n  wbi.ni  rabbit.  (AfltrS.  Ramia  yOijal, 
Be  ntj{  zDm  S  ud  am  M  rtu  a  Oh  imKatA,  etc..  Brcfkr.  I>;ipz.,  ISHB.  .S.  H, 
FiK.B.)  .4,  vintnil  part  of  tractUHnnnftlix:  0.  intonttitial  cpIIs;  e,  martrinal 
cells  :  d,  cell  Ulandn  in  aulntantia  ftclatinonn  ;  r,  fimall  cells  iif  tiieitK  jiilandH ; 
/.  Bteilate  )n>nt  celh  not  arranKi^  in  islandn ;  g,  interinxular  rella ;  h.  a 
nisnriiml  eeil.  the  nxnne  or  whiuh  appears  to  K"  into  the  white  iiuhglaniv  or 
into  the  tractua  spinalig  N.  trigemini. 
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drite  near  the  cell  body,  snch  an  axone  tnms  dorsallj  and  m^ 
dially  in  the  form  of  a  curve,  giving  off  two  or  more  coILitenb 
to  the  substantia  gelatinosa  and  to  the  formatio  retienkris 
grisea ;  it  is  continued  finally  after  having  crossed  the  dorsil 
part  of  the  raphe  at  a  level  which  varies  for  different  axones,ffi 
a  longitudinal  ascending  fibre  of  the  medial  lemniscus  of  the 
opposite  side.  The  fibre  often  bifurcates  into  an  ascending  and 
a  descending  limb. 

The  axones  of  other  giant  cells  do  not  cross  the  middle  line, 
but,  having  arrived  at  the  dorsal  border  of  the  f  onnatio  reticu- 
laris grisea,  bend  around  in  the  neighborhood  of  the  knee  of 
the  nervus  facialis  to  run  in  a  longitudinal  bundle.  This  bm- 
dle,  representing  one  central  path  of  the  trigeminus,  receirei 
azones  not  only  from  the  substantia  gelatinosa  of  the  same  side. 
but  also  from  that  of  the  opposite  side.  According  to  Bamon  j 
Cajal,  it  finds  a  special  location  in  the  formatio  reticularis  albi 
close  to  the  central  longitudinal  path,  made  up  of  the  aiones 
of  sensory  neurones  of  the  second  order  associated  with  the 
nervus  vagus  and  nervus  glossopharyngeus. 

Other  axones  from  the  substantia  gelatinosa  may  follow  i 
still  different  course,  but  for  the  details  the  reader  is  referred 
to  the  original  contribution  of  Sam6n  y  Cajal.  All  importut, 
however,  is  the  observation  that  the  azones  of  the  central  neu- 
rones now  under  description,  in  their  transverse  as  well  as  in 
their  longitudinal  course,  give  off  collaterals  into  the  formatio 
reticularis  grisea  and  alba,  some  of  which  certainly  reach  tk 
motor  nuclei,  in  which  are  situated  the  cell  bodies  and  dendrites 
of  the  lower  motor  neurones,  the  azones  of  which  go  to  make 
up  the  nervus  facialis  and  the  motor  part  of  the  nervus  Tapjs 
and  nervus  glossopharyngeus.  In  Fig.  422  are  shown  some  of 
the  fibres  of  the  trigeminal  path  entering  the  bundle  contiDB- 
ous  with  the  ventro-lateral  funiculi  of  the  cord. 

While  many  of  the  azones  of  the  central  neurones  just  de- 
scribed are  concerned  in  more  or  less  complez  reflez  activities 
certainly  some  of  them,  either  directly,  or  indirectly  by  meias 
of  neurones  of  a  higher  order,  take  part  in  the  formation  of  tl« 
longitudinal  bundles  which  go  through  the  tegmentum  of  tie 
cerebral  peduncle  into  the  hemisphere. 

The  two  human  cases  reported  by  Hoesel  *  make  it  sees 

♦  Op.  cit^  Chapter  xlvii. 
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likely  that  the  central  trigeminal  conduction  path  is  a  croised 
path  terminating  in  the  central  gyri  of  the  palliomL  The  indi- 
cations are  that  it  is  interrupted  in  the  ventro-latend  group  of 
nuclei  of  the  thalamus.  If  this  be  the  case,  then  in  the  trigem- 
inal conduction  paths  at  least  three  neurone  systems  are  saps- 
imposed,  the  crossing  taking  place  in  the  domain  of  the  systen 
of  the  second  order.  This  view  has  been  confirmed  by  the  ex- 
periments of  Wallenberg.*  After  injury  to  the  substantia  gda- 
tinosa  in  the  upper  ceryical  cord  on  one  side,  he  found  d^enen- 
tion  of  a  bundle  of  fibres  which  crossed  the  raphe  ventral  to  the 
nucleus  N.  hypoglossi,  and  then  ascended  in  the  formatio  re- 
ticularis, being  at  first  situated  medio-dorsally  and  higho^np 
latero-dorsally.  Having  reached  the  level  of  the  hilos  thalimi 
the  fibres  entered  the  lamina  medullaris  medialis,  and  a  large 
part  of  them  ended  in  the  ventral  group  of  nuclei  of  the  thak- 
mus.  Another  group  of  degenerated  fibres  could  be  foQoved 
by  Wallenberg  across  the  raphe,  thence  by  way  of  the  inter- 
olivary  layer  and  medial  lemniscus  to  the  ventral  part  of  the 
thalamus. 

*  Wallenberg,  A.     Zur  secundftren  Bahn  des  sensiblens  TrigemiDtr. 
Anat.  Auz.,  Jena,  Bd.  xii  (1896),  S.  95-110. 


3.  Ceotrml  Vemonat,  the  TnOBuytna  and  Dendrites  of  whieh  are  litiiated  in  the 
Gerebellnm,  the  Azonei  running  Cerehndward,  and  poiiihly  representing 
Indirect  Central  Centripetal  Condnetion  Patha. 


CHAPTER  XLVI. 

THE    SOM.ESTHETIC    PATH    TO  THE   CEREBRUM    BY   WAY   OF  THE 

CEREBELLUM. 

Cerebello-cerebral  paths — ^The  brachium  conjunctivum  or  superior  cerebellar 
peduncle — Experimental  degenerations — Degenerations  in  human  cases 
— Myelinization  of  the  brachium  conjunctivum — Studies  by  Golgi^s 
method — The  fasciculus  oerebellaris  lateralis  descendens. 

Taking  a  backward  glance  for  a  moment,  it  will  be  seen  that 
from  all  the  groups  of  sensory  neurones  of  the  second  order, 
pertaining  to  the  spinal  and  cerebral  nerves  which  bring  im- 
pulses concerning  the  body  itself  into  the  central  nervous  sys- 
tem, there  are  axones  (aside  from  those  of  short  paths  mediat- 
ing reflexes)  passing  in  two  main  directions:  (a)  toward  the 
cerebral  hemisphere  by  way  of  the  tegmentum  of  the  cerebral 
peduncle ;  (b)  into  the  cerebellum.  Of  the  former,  the  groups 
of  axones  going  to  make  up  the  medial  lemniscus,  the  fascicu- 
lus longitudinalis  medialis,  and  certain  longitudinal  bundles  in 
the  f ormatio  reticularis  will  be  recalled ;  of  the  latter  will  be 
remembered  the  fasciculus  spino-cerebellaris  dorso-lateralis  or 
direct  cerebellar  tract  of  Flechsig,  the  cerebellopetal  systems 
in  the  fasciculus  ventro-lateralis  (Gowersi),  the  fibrse  arcuatas 
extern®  ventrales  et  dorsales  pertaining  to  the  spinal  paths,  as 
well  as  certain  less  definitely  worked  out  cerebellar  connections 
of  the  nuclei  of  termination  of  the  nerves  of  the  rhomben- 
cephalon. Further  must  be  mentioned  the  fact  that  from 
many  of  the  axones  from  the  nuclei  of  the  dorsal  funiculi,  as 
they  pass  through  the  stratum  interolivari  Icmnisci,  there  are 
given  off  collaterals  to  the  nucleus  olivaris  inferior.  Thence 
the  cerebellum  may  be  influenced  by  the  fibrse  olivocerebellares. 
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The  question  naturally  arises.  Can  these  nerve  fibres,  if 
mn  in  to  terminate  in  the  gray  matter  of  the  cerebeDimi, 
to  carry  impulses  toward  the  cerebral  cortex  by  means  of 
rones  of  a  higher  order?    That  they  can   do  so  eeem^  t 
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Fio  423     Horizontal  section  of  the  rerehe  u 
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certain  partly  from  clin  oal  evidence  that  need  not  no* ' 
d  BCuased  and  partly  from  anatom  cal  find  nga  to  be  itnw 
d  ately  mentioned  We  have  seen  that  the  axones  enierinj* 
cerebellum  from  tl  e  nucle  of  term  nat  on  of  the  sensoiTW^ 
do  80  chiefly  by  way  of  the  corpus  restiformefinfenorMrebf'" 
peduncle)    a  few  of  them  enter  by  way  of  the  bnicb  nn  i^ 
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JDnctiTum  (superior  cerebellar  peduncle)  and  velum  mednllare 
iDteriuB  (for  example,  a  part  of  (Jowers' tract),  and  a  few  possibly 
'.hrough  the  bracbium  pontls  (middle  cerebellar  peduncle). 
These  asones  terminate  chiefly  in  the  cortex  of  the  vermia ; 
lome  terminals  as  well  as  many  collaterals  go  directly  to  the 
aucleus  dentatus,  others  to  the  nuclei  fastigii  and  adjacent 
masses  of  gray  matter.  (The  gross  relations  of  these  nuclei  to 
jne  another  are  shown  in  Fig.  423.)  There  is  evidence,  further, 
that  the  nuclei  dentati  and  nuclei  of  the  roof  are  manifoldly 


Out    B 

bn  h    m  conj  m  N      esti         suiwn        /     ///, 

flbrpa  d    g  he  wee  >     i»  aupin  d  eaa 

Vt~t  ra  hhdh  h        rLhr   iim 

ifflpii'ially  thenudcug  j[lnb.i»ii»and  the  nucleus  cmliolifonuwi  on  tlie  other; 
/4.  tthren  of  the  corpus  restjforme  fmm  the  nucleus  funiculi  fcraeiliB  hy  way 
of  the  Sbne  arcuate  eilemie  vertnilcs ;  /ot,  non-medullati-d  flhne  een-hello- 
olivarea :  fer.  tthren  In  corpnii  R'Htiriinne  correspond i UK  tn  1 1 1  the  faM'iculns 
npinoTerehclUris  di>r»u-latere1U,  iSi  the  flhreH  from  the  nucleus  funiculi 
cnnesti.  and  i3)  the  fihrcH  fmm  the  nnclt^i  funiculi  lateruliH ;  /on,  band  of 
flhn-s  from  the  nuclei  fantixii  to  the  nucleus  ulii-arin  suiierior  and  to  the 
nncleuR  N.  vextihuU  latenllii  (of  DiHt^iB) ;  fnt.  fibres  connertlng  the  nucleUH 
liuiliRii  and  the  cortex  of  the  vennia;  fug.  flhres  eonnecthig  the  uncleug 
SlobmuB  and  the  nucleus  embolifumiis  with  the  cortes  of  the  worm. 

>nnected  by  means  of  associative  neurones  with  the  gray  mat- 
tr  of  the  cortex  of  the  vermis  (Figs.  424  and  425). 
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Given  these  conditions,  it  is  not  difficult  to  find  an  uutoi 
eal  path  which  could  serve  for  the  farther  condnction  of  a 


FlO.  423.— TransverHe  spction  of  mednlla  oblonf»la  and  ren-bellum  of  Df**" 
chilli.  (Scries  ii,  section  No.  HB.)  C.T.,  corpus  restiforme  (IJie  i»rti»*' 
latcfl  correapunds  in  the  main  In  the  dirM't  i^rvbellsr  tract) :  FJ..  I*>^ 
rontinuoiui  with  the  fUniculuH  lalrraliB  of  th«  mrd  ;  F.l.m.,  fiieriealiis  \M^ 
bid  inulis  medial  is :  N.IX.X.,  N.  gloesoph>i7Tig«us  ct  THftns ;  S.XILV  Mr^ 
kIohbus  1  A'u.d,.  nudeuR  drntalns :  An.H.e.d..  nuclcuH  N.  corhk*  din^ 
shown  more  tjrpically  on  Dppnslte  sidp  of  figure  ;  Xu.H.r.m.,  norlnu  S  "* 
tlbuli  medialiti;  Nn.o.a.d..  nucleus  olivaris  arccKRnnUH  donalL>:  .Vmo- 
Ducteus  olivaris  accesHirilis  medialis;  Kti.o.i,.  nucleus  ulirarii  iiftrX. 
NB.l.t.,  nucleus  traclus  solitarii ;  P./.,  peduuFUlus  flocculi:  Pi~  pni' 
R.d.H.fftt.,  radix  descendens  N.  vestibuli :  Sl.iJ,,  stratum  inleroB™*  '* 
nisei;  66,  plane  of  longitudinal  section  No.  66.  [Note.— Tbii  Af'*' 
been  disproportionately  reduced  in  the  reproduction.] 

Bory  impulses  cerebralward.  The  axones  of  this  path  *  cm*  J 
tute  the  main  portion  of  the  brachinm  conjunctivum  f  (fp  I 
426  and  427). 

The  study  of  degenerations  in  pathological  cases  in  bi 
beings  {Turner,  v.  Monakow,  Turner  and  Charcot),  wd  »^  1 
experimental  section   of  the  brachinm   conjunctinun  !»•'■'■ 

•  Van  Gehuehten's  voie  ciribello-tirebraU. 

f  The  brBchium  conjunctivum  was  first  pictured  by  htniOf.  ""  I 
carefully  described  by  Stilling  as  the  proettau*  eenbtUi  ad  eenbnm-  •  I 
ting's  picture  is  reproduced  in  Fig.  426.  In  KngtJsh  books  it  is  n*"'  | 
ferred  to  as  the  superior  cerebellar  peduncle. 
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mala,*  have  led  to  resnlta  which  have  heen  interpreted  in  differ- 
ent ways.  There  is  abundance  of  evidence  to  show  the  inter- 
dependence of  one  cerebral  beraisphere  and  the  opposite  cere- 
bellar hemisphere  (1)  by  way  of  thebrachininconjunctivum,  and 
(2)  by  way  of  the  brachium  pontis.     That  the  connection  is 


la.  426. — TnnsveiBe  sectioD  through  iBthmiiH  rhomb^nccphali  of  newborn 
bahv.  IWdgertPal.  serirs  ii,  srcUon  No.  268.)  Br.etmj,,  brachium  i-on- 
junctivum:    C.t.,  coUleulus  inferior;    y,  nuoltus  denfribed  by  Wentphal  as 

trobabl)'  cunceniud  in  the  orJBlu  uf  the  X.  trochlearis;  F.l.m..  fosciculus 
ingitudinalU  nmlUliB;  f.i^.,  raBciculi  liioKitudinales  [pyrainidales] ;  L.t., 
lemDwcUH  iBteralin:  L.n.,  lemniitcuB  medialiH;  N.IV.,  decussatio  norvoruiu 
truchleariuni ;  N.V,.  N.  trigeminus:  Nu.l.l,.  nacleuB  lemuisci  Inl^csliB; 
Nu.r.l.j  nucleus  reticulaiia  leRmenti  pontiu ;  R.d.  V.,  radix  deecendeUB  [meBeU' 
«ephalica]  nervi  trigeniini.    (Preparation  by  I>r.  Juhn  Hetretson.) 


*  Forel,  A.  Tagebl.  der  Verhandl.  der  Katorf.  in  Salzburg.  ISei,  Sekt. 
X  viii.Sitx.,  Sept.  19. — tod  Motiaknw.  C.  Sirie  acusticie  und  untere  Schleite. 
,Arch.  f.  pgychiat.  u.  Nervenlir..  Borl.,  Bd.  iiii  (1890),  S.  1-26.— Cramer.  A. 
SJinseitige  Klcinhimatrophie  mit  leichter  atrophie  der  gekreuzten  Gross- 
Siivn-Heiiiisphfire,  nebst  einem  Beitrog  ziir  Anatomie  der  Klein  hi  mstiele. 
:Beiti-.  2.  path.  Anat.  u.  z.  allg.  Path., Jena.  Bd.  ni  (1891). S.  39-58.— Mahaim,  A. 
Heoherches  sur  la  Btruetiire  anatomique  du  noyau  rouge  et  sea  connexioDS 
*v-ec!  le  pedoncule  c^rfbelleui  sap^rieur.  Brux.  (1804),  R  Hayez,  44  pp., 
*    pJ—  8to.    Also  in  M^m.  couron.  Aciid.  de  roy.  mM.  de  Belg.,  Brux.  (1894), 
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>ction  through  the  rhombpnrephalon  and  iiie»nii^*J 
Luvel  of  nucleus  iiervi  alxturcntis.  i  ^*'<^'P'""™^ 
ing,  serirs  iii,  wction  No.  68.)  «,  Sbrrs  running  (Vom  rtgiun  '""^JT 
latt^nilis toward  n-^ionorbrachiumrotiJuurtivam;  .4;.r..aqu<'ducn»'<^^ 
B,  decnmting  portion  of  root  of  N.  trigeminus ;  Cj..  colliculu*  '"P"'^ 
cullivuluH  inffrior :  5r.o>uj..bnu'hium  ronJuiKtivnm  ;  r.r- c>ii^  n^" 
Kc  &Kicuhiii  cunestnii;  F^.,  QuKitulu»  gnlcilu;  Ll.,  Ivmniarus  UR''^ 
K.Jl\  N.  trofhloaria ;  A'kji.c.  nucleas  al«  «iiier»« :  ,Vn./.r.,  norlf*  J^/; 
vnneati ;  XuJ.g.,  Ducleus  funiculi  gracitis ;  X'n.h.c.i',.  nnclciu  >'-  "*'!'*.., 
mlis;  ,V«.».IXtiucli?ui.N.abdu«ntia:  .Y«.B.rJ..  nuikusS.  v»tiha!il*2 
rDcitcni)  pan  miilialifi ;  XH.n.r.l.,.  nuctrus  !1.  v<ftibu1i  iHtrmli*  IVi>">  ^ 
latrraliH;  A'a.n.r.n..  nncltUB  K.  vnitihuli  mrdiulig  iStbwHlhi'h  .V>''^1 
clfuii  N.  Tcntibuli  superior  Ivon  Bechtercwi ;  .Vk.»..T//..  nudrw  y^T 
gliHii:  A'li  r.,  antero-lftteral  eitn-tnitf  of  nuclciia  N.  vwaihnli"*!, 
ft.rf.n.t.  radix  desccnilens  [mesenccphalira]  nciri  trigcmini ;  *''■"■  JS 
drocenilens  N.  vcitibuli ;  .^r.<i/A.;i..  stmtum  album  profniiduHi;  ^"l^ 
m1itHriu«  ;  I'.g,,  veutriculuB  quartus.    (Prtpanition  by  Dr.  Juhn  Ur"'** 
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not  direct,  however,  ib  slionn  by  the  fact  that  after  cerebral 
Lesion  the  chaages  in  the  cerebellar  peduncles  (superior  and 
middle)  arc  those  of  simple  atroph}  rather  than  of  actual 
secondary  degeneration.     It  further  appears  that  after  experi- 


'xo.  428,— fltillioR'a  large  and  small  "Kisson"  oTtbcbnun.  fFrom  A.  Bauber, 
lA'hrliuvh  ivT  Anatumie  (its  MeDBclicn,  V.  Aufl.,  Leipz..  18R8.  Bd.  ii,  8.  438. 
Hk,  387.)  ],  thalamus;  ^.  nucleus  ruber;  S.  nucleus  dentatus  rcrebi'lli ;  4, 
tirachium  conjuut-'tivum  ;  5,  hundlt  Trom  thu  nurleus  ruber  («  thu  thalamus ; 
€,  ndiation  from  the  region  uC  the  iiudt'ua  ruber  to  tbe  capsuta  interna. 

tental  section  of,  for  example,  the  right  brachium  conjunc- 
■vum,  all  or  nearly  all  the  fibres  degenerate  through  the  de- 
jssation*  to  the  red  nucleus,  and  there  results  not  only 
deration  in  the  cells  of  the  nucleus  dentatus  and  cerebellar 
-'niaphere  on  the  side  of  section  (Mahaim),  but  also  atrophy 
the  posterior  part  of  the  red  nucleus  of  the  opposite  side, 
'®  cells  of  the  anterior  part  of  the  red  nucleus  and  a  few 
ottered  cells  in  the  posterior  part  remaining  intact  (Forel, 

The  tlecussation  (horseshoe  commissure  of  Wernekiock)  is  sjiuat«d  just 
**^'Ul  to  the  inferior  colliculus  of  the  corpora  quadrigemina  (Figs.  429  and 
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Gudden,  Mahaim).  While  some  authorities  believe  tlul 
fibres  of  the  brachium  conjunctivum  have  their  origi 
the  cerebellum,  others  think  that  they  originate  in  those 
of  the  red  nucleus  which  atrophy  on  section  of  the  brad 


St.gr.c. 
St.allip. 

N.iy. 


Uu.Ls. 
ELm. 

-Lm. 


5.ri 


Fio.  429. — Transverse  section  through  mesencephalon  of  newborn  babe.  I 
of  colliculi  Kuperiores  of  corpora  quadrigemma.  ( Weigert-I^U.  serieii 
tion  No.  338.)  Aq.cer.^  aqueductus  cerebri;  Dee.Br.Co^j.^  decusatiolii 
coujunctivi ;  D.t.,  decussatio  tegmenti  ventralis  {reniraU  HsMbfnkwam 
Forel) ;  F.l.m.,  fasciculus  longitudinal  is  medialis :  F.Py.^  &aciculi  pyraaii 
in  the  pars  basilaris  pontis ;  L.m.^  lemniscus  medialis ;  N.IV.,  N.  trorlilA 
Nu.l.s.,  nucleus  lateralis  superior  of  Flechsig ;  Nu.n.IV.^  nuclear  >'■  D* 
learis ;  St.alb.p.,  stratum  album  profnndum ;  St.g^r.c^  stratum  gnxom  t 
trale;  S.n,^  substantia  nigra.     (Preparation  by  Dr.  John  HewetsoiLi 

conjunctivum,  and  that  they  do  not  begin  in  the  cerebeUtt 
but  end  there.  The  experiments  in  which  one  half  ^ 
cerebellum  has  been  extirpated  *  have,  on  the  whole, 

♦  Vejas,  P.  Experimentelle  Beitr&ge  znr  Kenntniss  der  VerbiiKlop 
bahnen  des  Kleinhirns  und  des  Verlaufs  der  Funiculi  graciles  and  ««** 
Arch.  f.  Psychiat.,  etc.,  Berl.,  Bd.  xvi  (1885),  S.  200-214.— Marchl  V-  ^ 
d^g^n^rations  consecutives  a  Textirpation  totale  et  partielle  da  cfn* 
Arch.  ital.  de  bid.,  Turin,  t.  vii  (1886),  pp.  357-362.— Ming&odni,  G,  ^ 
degenerazioni  consecutive  alle  estirpazioni  eniicerebellari.  BiceRV 
lab.  di  anat.  norm.  d.  r.  Univ.  di  Roma,  vol.  iv(18&4),  pp.  73-124.^8*8^ 
Cajal,  S.    A Igunas  cont ribuciones  al  conocimiento  de  los  ganglios  dd eoci*^ 
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no  more  exact  conclusions,  though  Marchi  asserts  that  the 
fibres  of  the  brachium  conjunctivum  do  not  undergo  complete 
decussation,  since  he  can  follow  a  small  bundle,  past  the  region 
of  crossing,  directly  to  the  thalamus  of  the  same  side.  This 
uncrossed  bundle  of  Marchi  appears  to  be  reinforced  to  a  slight 
extent  by  the  meduUated  axones  of  cells  situated  in  the  part  of 
the  nucleus  ruber  designated  by  Mahaim  as  the  ^^  nucleus  mini- 
mus "  (von  Bechterew).  Ferrier  and  Turner  describe  complete 
degeneration  of  the  brachium  conjunctivum  after  extirpation 
of  the  lateral  lobe  of  the  cerebellum. 

Von  Kolliker  ♦  interprets  the  findings  in  the  cases  of  sec- 
ondary degeneration  above  referred  to  differently  than  do  some 
of  those  who  have  carried  out  the  experiments.  He  believes 
that  the  majority  of  the  fibres  of  the  brachium  conjunctivum 
arise  in  the  cerebellum,  run  cerebellofugally,  and  nearly  all 
undergo  decussation ;  part  of  them  end  in  the  red  nucleus  of 
the  opposite  side,  especially  in  its  posterior  part  (that  region 
which  atrophies  after  section  of  the  brachium  conjunctivum) ; 
part,  on  the  other  hand,  go  through  the  red  nucleus,  with- 
out ending  in  it,  to  join  the  bundle  of  fibres  lateral  from  it 
and  to  enter  the  area  in  the  hypothalamic  region,  known  as 
Forel's  "  Feld  H,"  to  be  referred  to  later.  Held  f  believes 
that  the  majority  of  the  fibres  of  the  brachium  conjuncti- 
vum arise  in  the  nucleus  dentatus,  a  view  quite  in  accord 
with  the  observations  of  Menzel,  Amdt,  and  Dejerine, 
which  prove  that,  in  lesions  of  the  cerebellum  involving  only 
the  cortex  and  subjacent  white  matter,  no  marked  altera- 
tions in  the  brachium  conjunctivum  or  in  the  red  nucleus 
result. 


iL  Ganglios  cerebelosos  vi.  Conexioncs  distantes  de  los  celulas  de  Purkinje. 
Anales  de  la  Sociedad  espafiola  de  historia  natural,  Madrid,  1894.— Russel, 
J.  S.  R.  Degenerations  Consequent  on  ExperimenUl  Lesions  of  the  Cere- 
bellum. Proc.  Roy.  Soc.,  Lond.,  vol.  Ivi  (1894),  pp.  803-305.— Ferrier,  D., 
and  W.  A.  Turner.  A  Record  of  Experiments  Illustrative  of  the  Symp- 
tomatology and  Degenerations  following  Lesions  of  the  Cerebellum  and  ita 
Peduncles  and  related  Structures  in  Monkeys.  Phil.  Tr.  Lond.  Soc.,  vol. 
clzxxv  (1894),  B.,  pp.  719-778.— Thomas,  A.  Le  cervelet :  etude  anatomique, 
clinique  et  physiologique.    8vo,  Paris,  1897. 

♦  Op.  c»7.,  S.  450. 

f  Held,  A.  Beitrftge  zur  feineren  Anatomie  des  Kleinhims  und  des 
Himstammes.  Arch.  f.  Anat.  u.  Physiol.,  Anat.  Abth.,  Leipz.  (1898),  S. 
435^146. 
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and  uf  iiULkus  ivticuUns  teKmcnti  (Sents  in  eectiun  Nu  IW.)  •*■ 
commuMure  poaten  ir  rerehn  Dtc  B  t  deruEtstio  biacMi  ronjiu'''^ 
VfcBerht  oimmiiBUK  brt«e«n  Bcthhrfn  s  nuclei  />  f..  flbrrstadrro^ 
Fa  I  Can  fibrffi  Hreuatte  intenup  fiom  tb«  ddcItiu  fii^ 
F"c      fasciculus   ruacatus      Fr  lo  Fr     buudle   from  (•>■' 
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pant  Wmlis  \un///l6)  nuileua  \  mulumotorii  pars  imiiar : -Vi^ 
nucleus  centralis  superior  pais  lateralis  \a  1 1  m).  nocWiu  <*?■ 
BUpennr  pare  medial  is  \u  i  I  nucleus  tcmniaci  biteralia:  .VtLa.V7/..u>'" 
N  lacialis  Ah  \  c  p  nuclena  N  cochlete  ventrahs  .Yii.r.j.,  nndro'^ 
tmlia infenor  Ah  r  (  nucleus  reticularis  teemenli  \ii.l,i..nurlrBsW<^ 
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In  a  case  reported  by  von  Monakow,*  in  which  there  was  a 
defect  in  the  right  cerebral  hemisphere,  and  also  a  large  defect 
in  the  left  cerebellar  hemisphere,  no  marked  secondary  degen- 
eration occurred  in  the  brachium  conjunctivum,  but  only 
secondary  atrophy  (diminution  in  calibre  of  the  individual 
fibres).  It  is  of  great  importance  to  note  that  in  this  case  von 
Monakow  explicitly  tells  us  that  the  corpus  dentatum  was  not 
injured.  He  further  believes  that  the  fibres  of  the  brachium 
conjunctivum  which  extend  beyond  the  red  nucleus  probably 
arise  in  the  opposite  cerebellar  hemisphere,  and  end  free  in 
the  gray  matter  of  the  tegmentum.  Von  Monakow  is  of 
the  opinion,  therefore,  that  the  brachium  conjunctivum  con- 
tains both  centrifugal  and  centripetal  fibres,  and  that  it  is 
preferably  the  latter  which  undergo  atrophy  of  the  second 
order  after  defects  in  the  pallium,  so  that  any  direct  connec- 
tion of  the  brachium  conjunctivum  with  the  cortex  can  be 
safely  denied. 

Thomas  f  followed  by  Marchi's  method  degenerated  fibres 
not  only  to  the  nucleus  ruber,  but  also  beyond  it  to  the  ventral 
part  of  the  thalamus.  No  fibres  could,  however,  be  traced 
beyond  the  thalamus  to  the  nucleus  lentiformis  or  to  the  pal- 
lium. Mirto  I  makes  the  fibres  of  the  brachium  conjunctivum 
end  chiefly  in  the  contra-lateral  nucleus  ruber,  but  partly  also 
in  the  ventro-lateral  region  of  the  thalamus.  According  to 
Flechsig,  some  of  the  fibres  go  to  the  nucleus  lentiformis  by 
way  of  the  dorsal  white  matter  of  the  nucleus  hypothalamicus 
(corpus  Luysii),  otherwise  known  as  Feld^  of  A.  Forel.  He  is 
of  the  opinion  further  that  a  certain  number  of  the  fibres  pass 
out  to  the  cerebral  cortex,  terminating  there  in  the  region  of 
the  gyri  centrales.  The  upper  portion  of  the  somaesthetic  path 
to  the  cerebrum  by  way  of  the  cerebellum  will  be  described 
more  fully  in  Chapter  L. 

A  study  of  the  stages  of  myelinization  of  the  brachium  con- 
junctivum makes  it  seem  extremely  probable  that  fibres  of 
different  systems  are  contained  in  this  bundle.    Thus,  von 


♦  von  Monakow,  C.  Archiv.  f.  Psychiat.  u.  Nervenkr.,  Berl.,  Bd.  xxvii 
(1895). 

t  Op.  eit 

X  Mirto.  Sulle  degenerazioni  secnndari  cerebello-cerebrali.  Arch,  per 
\e  sc.  nied.,  Torino,  vol.  xx  (1896),  p.  19. 
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Bechterew  *  distinguished  easily  four  distinct  bundles  ▼iidi, 
in  the  middle  of  the  pons,  as  seen  in  cross  section,  pre«»it  i 
typical  topographical  arrangement  (Fig.  431).  Of  these,  ti» 
first  to  become  medullated  (foetus  28  cm.  long)  is  that  which  in 

ir 


Fig.  431. — Schematic  croas  flection  through  the  pars  doiKalis  pontis  at  itiinKiis 
with  the  isthmus  rhombencephali.  (After  W.  von  Bechterew,  Die  Lriflnp^ 
hahnen  im  Gehim  und  Ruckenmark,  Deutsch  von  R.  Weinbei]^.  II.  Ail. 
Leipz.  (1899),  S.  236,  Fig.  198. )  aq,  aqueductos  cerebri  ;  Jip,  fiucicalw  ko^ 
tudinalis  medialis;  /c,  fasciculus  centralis  tegmenti  {eentrale  JJmiMab : 
fqu,  fibres  from  the  region  of  the  coUiculus  inferior  to  the  nnclcos  petknhm 
tegmenti ;  IV^  N.  trochlearis ;  Imi,  fibres  of  the  lemniscus  medialis  finoo^ 
contra-lateral  nucleus  funiculi  cuneati ;  Imn,  fibres  of  the  lemniwos  wMf 
from  the  contra-lateral  nucleus  funiculi  gracilis;  limp,  von  Becbterrt| 
medial  accessory  lemniscus;  Ivutn,  von  Bechterew's  scattered  bundle* rf"* 
lemniscus;  2ni/,  lemniscus  lateralis;  nc»,  nucleus  centralis  superior,  pa 
medialis;  nenl^  nucleus  centralis  superior,  pais  lateralis  ;  «/,  nucleus leu^ 
lateralis ;  nri,  nucleus  reticularis  tegmenti  pontis ;  pci,  dorsal,  pea.  ainK. 
pcin,  medial,  pciw  ventral  bundle  of  the  brachium  cot\junctivnm ;  pen  n^ 
sents  the  commissure  between  the  nuclei  superiores  nervorum  vestilwl*'"* 
«/r,  substantia  ferruginea,  V^  radix  descendens  (mesenoephalica)  v^ 
trigemini. 

a  section  through  a  plane  corresponding  to  the  middle  of  ^ 
pons  lies  in  the  most  ventral  part  of  the  brachium  conjin«' 
tivum  (Fig.  431,pop,  and  Fig.  432, 46).  This  bundle  has  nothii^ 
to  do  with  the  cerebellum,  but  is  the  bundle  above  mentioow 
which  forms  a  commissure  between  the  nuclei  nervonun  ^ 
tibulofum   superiores  of  the  two  sides.     Of  the  three  a^^ 

♦  von  Bechterew,  W.    Die  Leitungsbahnen  im  Gehim  und  ROcken***' 
Leipz.  (1894),  S.  135. 
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bundles,  the  most  dorsal  one  (Figs.  431,  pci^  and  432,  45)  is  me- 
dallated  in  foetuses  about  33  cm.  long.  This  bundle  appears  to 
be  connected  with  the  nucleus  fastigii  and  with  the  cortex  of 
the  vermis  (von  Bechterew).  Its  fibres  pass  to  the  decussation, 
cross  to  the  opposite  side,  and  are  interrupted  in  the  red  nu- 
cleus, since  no  fibres  are  meduUated  beyond  at  this  stage. 

The  third  bundle  (Fig.  431,  jocVi),  meduUated  in  foetuses  35  to 
38  cm.  long),  lies  between  the  dorsal  and  ventral  bundles  (Fig. 
432, 39).  In  the  cerebellum  it  is  related  especially  to  the  nucleus 
globosus  and  the  nucleus  emboliformis.  Some  of  its  fibres  ap- 
pear to  be  related  directly  with  the  cortex  of  the  vermis  supe- 
rior. The  fibres  of  this  bundle  decussate  with  the  other  fibres 
of  the  brachium  conjunctivum,  become  partly  mingled  with  the 
fibres  of  the  dorsal  bundle,  and  come  in  relation  anteriorly  to 
the  cells  of  the  red  nucleus. 

The  fourth  bundle  (Fig.  431,  pcm)  (beginning  to  meduUate 
in  the  new-bom  babe)  consists  mainly  of  very  fine  fibres  which 
lie  partly  in  among  the  fibres  of  the  other  bundles,  partly  me- 
dialward  from  them.  In  the  cerebellum  the  fibres  of  this  bun- 
dle appear  to  stand  in  relation  to  the  cortex  of  the  cerebellar 
hemispheres,  and  in  part  to  the  nucleus  dentatus.  The  fibres 
of  the  bundle  decussate  with  the  other  fibres  of  the  brachium 
conjunctivum,  and  in  front  are  related  to  the  red  nucleus. 

We  fortunately  possess  a  certain  amount  of  positive  informa- 
tion concerning  the  origin  from  cells,  of  the  axones  of  the 
fibres  of  the  brachium  conjunctivum.  This  has  been  gained  by 
the  application  of  Golgi's  method,  especially  by  Ram6n  y  Cajal  ♦ 
and  Martin,  f 

Ram6n  y  Cajal  finds  that  certain  of  the  fibres  of  the  brachium 
conjunctivum  in  the  mouse  arise  from  the  nucleus  dentatus. 
He  emphasizes  the  fact  that  by  no  means  all  the  ascending 
fibres  come  from  the  nucleus  dentatus,  some  having  another 
origin,  perhaps  the  cerebellar  cortex.  This  view  has  been  sup- 
ported by  studies  made  with  Marchi's  method,  and  Ram6n  y 
Cajal  has  shown  that  axones  of  Purkinje  cells  go  directly  into 
the  superior  cerebellar  peduncle.    All  the  thick  fibres,  however, 

*  Ram6n  j  Cajal,  S.  Beitrag  zum  Studium  der  Medulla  Oblongata,  etc., 
Leipz.  (1896),  S.  17 ;  also  QangUons  c^r6belleuz.  Bibliogr.  anat.,  Par.,  t.  iii 
<1895),  pp.  38-12. 

t  Martin,  P.  In  Pranck's  Handbuch  der  Anatomie  der  Haastiere,  Dritte 
Auflage,  Bd.  ii,  Stuttgart  (1894),  S.  278. 
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Fig,  432. — A.  transverse  section  through  the  posterior  half  of  the  pons.  Tbt  h^ 
half  of  the  iUiis$tTati«in  eorre^ssponds  to  the  anterior,  the  riftht  half  to  tfeV"^ 
tenor  pr»rtion  of  the  ponA.  ( After  W.  von  Berhtereir.  19M,  somewhat  awB- 
fie*]. )  >YH.r.«.«  nncleos  centralis  superior;  A'lt././.,  nncleiis  lenuusci  latently- 
A^N.o.t.,  nocleas  olivaris  saperior;  Sn^p^  nnelei  pontis;  Aa.r.f.,  norifW 
n;tk*ularis  tcipienti;  AM'.,  radix  X.  trigemini;  S.<Lm.l\,  radix  deatea^ 
(ni(rM(fnc«phalira)  nervi  trigomini ;  St.gr. c,  stratam  griseam  centiale.  Si^ 
JS,  aUn-n  of  the  lemniscas  medialis  pertaining  to  the  nacleos  fnnkmli  cmrtti; 
JO,  flcattered  handles  in  the  lemniscos  medialis;  27,  region  of  seattuned ft"> 
which  develop  Ute  in  the  lateral  field  of  the  formatio  reticularis ;  19.  ^ 
niwrus    lateralis.     YeUQic — 10,   fibres  of  lemniscus    medialis  ociginatiiiS  i* 
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0  into  the  brachium  conjunctivum  arise,  he  states, 

nucleus  dentatus  of  the  same  side.* 
sells  of  the  nucleus  dentatus  are  large,  triangular,  or 
md  exhibit  uneven  dendrites.     The  thick  axones  arise 
)m  the  cell  body  or  from  one  of  the  dendrites,  give  off 
0  collaterals  inside  the  nucleus  dentatus,  and  pass  over 

brachium  conjunctivum  of  the  same  side  (Fig.  433). 

cases  it  has  been  possible  to  follow  the  axone  even 
he  cerebellum,  not  only  in  longitudinal  sections,  but 
ansverse  sections. 

I  fViniculi  gracilis ;  2f,  fibres  from  the  region  of  the  collicalus  inferior 
nucleus  reticuUiris  tcgmenti  and  to  the  pons.  Molet — 35,  fibres  of 
us  centralis  tegmenti  {eentrale  Haubenbahn) ;  24,  fibres  passing  by 
he  from  the  nuclei  pontis  to  the  formatio  reticularis  grisea ;  S8,  fibres 
pinal  bundle  (von  Bechterew)  of  the  brachium  pon^tis ;  45,  S9,  42,  dif- 
bundles  in  the  brachium  coiyunctivum.  Blue — 4,  fasciculi  longi- 
es  (pyramidales) ;  26,  fibres  of  medial  accessory  bundle  in  lemniscus 
s  (to  motor  nuclei  of  cerebral  nerves) ;  ^,  fibres  of  cerebral  bundle  of 
m  pontis ;  50,  frontal  cerebrocorticopontal  path  ;  51,  temporo-occipital 
corticopontal  path.  Gretn — 9,  fasciculus  longitudinalis  medialis;  8, 
'hich  represent  the  pontal  continuation  of  the  fasciculus  lateralis  pro- 
'  the  spinal  cord ;  4^,  commissural  bundle  lying  ventralward  from  the 
m  coi\junctivum. 

ransvcrse  section  through  the  brain  stem ;  level  of  pedunculi  cere- 
he  right  half  illustrates  the  level  of  the  colUculus  inferior,  the 
If  that  of  the  colliculus  superior.  (After  W.  von  Bechterew,  1804, 
lat  modified.)  Aq.c,  aqueductus  cerebri;  C (7. in.,  corpus  genicula- 
lediale;  Cm.,  corpus  mammillare ;  C.8.,  colliculus  superior;  NIV, 
^.  trochlearis;  Nu.c.i.,  nucleus  coUiculi  inferioris;  Nuf.l.m.,  nu- 
isciculi  longitudinalis  medialis  or  nucleus  commissurse  posterioris 
Oeulomotoriuskem  of  Darkschewitsch) ;  Nu.l.l.,  von  Bechterew's  Cor- 
abigeminum;  Nu.l.s,,  nucleus  lat<;ralis  superior  of  Flechsig  (nucleus 
attu  of  von  Bechterew);  Nu.n.III,  nucleus  nervi  oculomotorii ; 
nucleus  ruber ;  S.n.,  substantia  nigra ;  St,ffr.c.,  stratum  griseum 
^  Reil — 19,  fibres  of  lemniscus  lateralis  which  enter  colliculus  in- 
29,  fibres  of  brachium  quadrigeminum  inferius  from  the  colliculus 

of  the  same  and  of  the  opposite  side ;  IS,  fibres  of  the  lemniscus 
s  originating  in  the  nucleus  funiculi  cuneati ;  13',  fibres  of  the  lem- 
aedialis  going  to  the  corpora  quadrigemina  ;  !(/,  scattered  bundles  of 
niscus  which  go  over  into  the  basis  pedunculi ;  17,  region  of  the  scat- 
bres  (late  to  develop)  of  the  formatio  reticularis.  Yellow — 10,  fibres 
ificus  medialis  from  the  nucleus  funiculi  gracilis ;  28,  fibres  from  the 

coUiculi  inferioris  to  the  thalamus  (according  to  von  Bechterew) ; 
«  from  the  colliculus  superior  to  the  cerebral  cortex.  Violet— 39,  42, 
s  of  the  brachium  coiyunctivum  before  their  entrance  into  the  red 
;  47,  48,  fibres  from  the  red  nucleus  to  the  nucleus  lentiformis,  the 
IS,  and  the  cerebral  cortex  (these  are  the  radiatiims  of  the  red  nucleus) ; 
s  of  the  fasciculus  centralis  tegmenti  (eentrale  Haubenbahn).  Green — 
ulus  longitudinalis  medialis ;  31,  fibres  of  the  dorsal  part  of  the  com- 
posterior ;  31',  fibres  of  the  ventral  part  of  the  commissura  posterior ; 
cuius  retroflex us  Meynerti ;  32,  fasciculus  thalamomammillaris  (Vicq 
) ;  25',  fasciculus  pedunculomammillaris  pars  basilaris  (pedunculus 

mammillaris) ;  58,  fibres  from  the  substantia  grisea  of  the  colliculus 
■  to  the  re^on  of  the  nucleus  ruber  of  the  opposite  side.  Blue — 4, 
1  longitudinales.  (pyramidales);  50,  fibres  of  frontal  cerebrocorti- 
l  path  (medial  bundle  in  basis  pedunculi);  51,  fibres  of  occipito- 
1  cerebrocorticopontal  path  (lateral  bundle  in  basis  pedunculi) ;  26, 
r  the  accessory  bundle  of  the  lemniscus ;  26',  fibres  connecting  the 
:ia  nigra  with  the  cerebral  hemispheres. 

•  Op.  ciL,  S.  20. 
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cerebellum  and  go  over  into  the  dorsal  and  lateral  surface  of 
the  pons,  many  of  the  fibres  give  off  at  right  angles  a  stout 
collateral,  which  passes  in  a  descending  direction.  At  times 
the  division  resembles  more  a  bifurcation  of  the  sxone  (Fig. 
434).  This  bundle  of  coHaterals  arising  from  the  fibres  of 
the  brachium  conjunctivnm  leaves  the  brachium  and  descends, 
forming  a  fasciculus  cerebellaris  lateralis  dcecendens  (Ramdn  j 
Cajal's  lalerales  absteigendes  Kleinkirnbundel). 


Fio  434     Lateral  aajn  ta 
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bmnchin  ofasciindiiiK  limb ;  d,  mat  fibres  which  Biok  into  the  depth  ; 
mX  |jart  of  descending  portion  of  sensory  niot-  B,  bifunatiun  of  aione»of  N. 
T«tihuli.  the  ascendiiiK  limhs  ig)  goinfi  to  the  cerebellum,  the  di-seendiDs 
limbs  I/)  goinK  downward  to  the  medulla  ohlonKata ;  C,  brBchium  con- 

{'unctivuin  ;  D,  fosciculUH  cerebeltariK  deM-cndena  ;  E.  rornos  nstifomie  ;  F. 
emuineug  latenlis  ;  H.  curpUH  trapezoiileam  ;  O,  nueleoa  dcnlHtus. 


Thia  descending  cerebellar  bundle  consists  of  several  small 
bundles  arranged  more  or  less  In  the  form  of  a  plexus,  and  sep- 
arated from  one  another  by  cells.  He  has  been  able  to  follow 
these  small  bundles  in  lateral  sagittal  sections  along  the 
tractns  spinalis  nervi  trigemini,  in  relation  to  which  it  is  medi- 


664  THE  NERVOUS  SYSTEM. 

ally  placed.    In  its  course  collaterals  are  given  off  to  adjacent 
regions  of  the  f  ormatio  reticularis.    In  transverse  sections  the 
descending  cerebellar  bundle  of  Cajal  is  seen  to  run  at  first  for- 
ward and  ventral  ward,  outside  the  principal  motor  nucleus  of 
the  trigeminus,  medial  from  the  upper  part  of  the  substantia 
gelatinosa.    Soon  after  it  has  passed  medial  to  the  latter  it 
turns  to  run  longitudinally,  and  forms  a  large  bundle  of  longi- 
tudinal fibres  in  the  f ormatio  reticularis  grisea  just  medial  td 
the  substantia  gelatinosa  of  the  tractus  spinalis  nervi  trigemini 
In  its  transverse  course,  while  it  passes  lateral  from  the  princi- 
pal motor  nucleus  of  the  trigeminus,  it  gives  off  some  collatenls 
which  branch  in  among  the  cells  of  this  nucleus,  and,  furtkr 
on,  following  the  longitudinal  course  of  the  medulla,  it  gir^ 
off  collaterals  to  the  nucleus  nervi  facialis,  the  cells  in  the  fer- 
matio  reticularis  grisea,  and  perhaps  also  to  the  nuclens  m- 
biguus  and  to  the  nucleus  nervi  abducentis.     Bamon  j  Cajal 
was  unable  to  follow  the  course  of  this   bundle  below  tk 
olive,  as  his  set  of  serial  seetions  unfortunately  stopped  it 
tliis    point,  although    the    path   was    distinctly  impregnated 
and  evidently  went  farther.     He  concludes  that  tMs  bundk 
has  nothing  to  do  with  the  descending  cerebellar  path  df 
scribed  by  Marchi.    He  believes  that  at  least  a  part  of  iu 
fibres  have  been  described  by  von  Bechterew  as  the  cerebelk 
root  of  the  trigeminus,  by  Edinger  as  the  direct  sensory  cert 
bellar  path  of  the  trigeminus,  and  by  Cramer  as  a  central  stu- 
sory  path  of  the  trigeminus. 

Martin  has  observed,  by  Golgi's  method,  axones  pasasf 
from  cells  in  the  red  nucleus  through  the  decussation  totif 
brachium  conjunctivum  of  the  opposite  side.  These  aioB« 
give  off  collaterals  before  and  after  decussation  to  the  fonnati'' 
reticularis.  These  possibly  correspond  to  the  fibres  of  Eding^ ^* 
tractus  tegmento-cerebellaris  and  to  the  cerebellopetal  degeaff- 
ation  observed  by  Mendel  *  and  by  von  Bechterew.f  For  tbf 
structure  of  the  nucleus  dentatus  in  the  new-bom  babe  and  is 


♦  Mendel,  E.  (cited  by  v.  Bechterew).  Neurol.  CentralbU  Leipz.  (IS^^ 
t  T.  Bechterew,  W.  Ueber  syphilitische  disseminirt«,  cerebnHf**^ 
sklerose  nebst  Bemerkungen  ueber  die  secund&re  Degeneration  der  ^ 
des  Vorderenkleinhimschenkels  des  centralen  HaiibcnbQndels  nod  ^ 
Schleifenschicht.  Arch.  f.  Psychiat.,  etc.,  Berl.,  Bd.  xxviii  (1896),  S.  '*" 
772. 
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adult  human  beings,  the  reader  is  referred  to  the  research  of 
Lugaro.* 

It  is  obvious  that  while  by  far  the  majority  are  cerebello- 
fugal,  in  the  brachium  conjunctivum  there  are  axones  passing 
in  both  directions.  The  topographical  distribution  of  these 
axones  remains  yet  to  be  worked  out.  It  is  very  important 
that  this  be  determined  for  each  of  the  four  bundles  which  can 
30  easily  be  isolated  by  the  study  of  myelinization. 

In  passing  it  should  be  mentioned  that  a  Russian  investiga- 
tor, Klimoff,t  has  demonstrated,  by  Marchi's  method,  fibres 
connecting  the  cerebellum  of  one  side  by  way  of  the  brachium 
jonjunctivum  with  the  contra-lateral  nucleus  nervi  oculo- 
notorii. 

There  are  cerebellofugal  paths  also  in  the  brachium  pontis 
[middle  cerebellar  peduncle)  but  the  evidence  thus  far  is 
igainst  the  view  that  these  are  cerebropetal  in  nature.  (Cf. 
Chapters  LXIII  and  LXIV.) 

*  Lagaro,  E.  Sulla  struttura  del  Ducleo  dentato  del  cervelleto  nell* 
tiomo.    Monitore.  zool.  itaL,  Firenze,  vol.  vi  (1895),  pp.  5-12. 

I  Kllmoff,  I.  A.  On  the  Connection  of  the  Cerebellum  with  the  Nucleus 
of  the  N.  oculomotorius.    Vrach,  St.  Petersb.,  vol.  xvii  (1896),  p.  1013. 


CHAFTEB  XLTIL 

4jti  THK  WHVfJTVht,  OF  TBZ  HYFOTHil.iMlC   KB&IC*!^   aS>  91 
tyOl'HBE  or  TBZ  LEMSISCrS  MZI^IAIJB. 


fH0tiumfU  U/wa«xl  tiie  wmuevtlifitie  ana  ctf  tlie 

l/u/tf'  bod/^Tbe  tittelei  of   tlie  thtbinin— 
li^mmr<ihm  <4   Xwil — lorestigatioot  of   too 

'V\m  imnuimiuk   m    fillet— SabdinBkms — Leauuscos 

(wpfriiir^VuHouf  neorooe  Bystemfl  in  the  Inniuscii&  The  *«ftk& 
UfiJiiiMniii/'  diriK.'t  Mid  indirect^ — View  of  Flechsa^  mod  Hccsel— Vx« 
of  von  Mooakow  and  UAhaim — Other  studies  of  lemnbrm  Ikma^ 
Miration  of  dire<i  cortical  lemniscus  in  cats  br  XairhTs  miM 
('r«;h«rmak). 

Al4<  the  Citntripotal  {mths  carrying  impulses  toward  thec»^ 
hriuri  rnuMt  paHM  through  the  cerebral  pedancle.  We  haresMv 
thiit  thu  butidh»H  of  fibres  concerned  in  carrying  impulses  frnm 
Iho  bo<lily  MoriMO  organs  (as  opposed  to  those  of  special  sense) 
?niiy  iiK'liido  tho  foUowing:  (1)  The  lemniscns  medialis;  (2)  tbf 
fiiM(*i<Hiliiii  longitudinalis  medialis;  (3)  certain  longitndiml 
hiuidU^N  of  the  formatio  reticularis;  and  (4)  the  brachiom  cod- 
Juiiotivum  and  some  of  the  axones  arriving  from  thenncleiis 
rubtir  whi(^h  ptisa  corebralward.  These  yarioos  fibres  (anm^ 
of  (n«ntral  nourones)  pass  through  the  pedanculus  cerebri 
(mainly  or  ontin^ly  through  the  tegmentum,  not  through  the 
poM,  or  lmi«iA)  to  rt^ach  the  diencephalon,  where  most  of  them  in 
all  pn>l)HbiIity  torminato  in  the  hjrpothalamus,  in  the  thalimeih 
oophalotu  or  in  tho  nucleus  lentiformis ;  a  few  of  the  axontf 
may  )>aiMi  t  hrtnigh  the  diencephalon,  without  terminating  in  it* 
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SO  as  to  reach  the  cerebral  cortex  directly  by  way  of  the 
internal  capsule  and  the  corona  radiata  {directe  Bindenschleife 
and  a  part  of  the  Uaubenstrahlung  of  the  Germans).  The 
fibres  which  terminate  in  the  hypothalamus  (mainly  in  the 
nucleus  hypothalamicus)  and  in  the  thalamus  (mainly  in  its 
ventro-lateral  portion)  apparently  do  so  in  conduction  relation 
with  the  cell  bodies  and  dendrites  of  neurones  of  the  third  (and 
often  doubtless  of  a  higher)  order,  the  axones  of  which  run  out 
through  the  retro-lenticular  portion  of  the  occipital  limb  of  the 
internal  capsule  and  through  the  corona  radiata  to  reach  the 
cerebral  cortex.  The  region  of  the  cortex  in  which  the  axones 
of  the  general  sensory  conduction  path  here  considered  termi- 
nate, I  have  designated  as  the  somsBsthetic  area  of  the  cortex."^ 
It  includes,  in  all  probability,  the  central  gyri,  the  posterior 
portions  of  the  three  frontal  gyri,  the  lobulus  paracentralis  and 
perhaps  in  part  the  gyrus  cinguli  (Flechsig)  and  portions  of  the 
parietal  lobe  behind  the  posterior  central  gyrus  (von  Monakow). 
In  addition,  doubtless,  fibres  of  this  sensory  path  terminate  in 
the  corpus  striatum. 

The  study  of  the  upward  continuations  of  the  sensory  con- 
duction paths  of  the  tegmentum  is  fraught  with  extreme  diffi- 
culties, especially  in  man,  in  whom  the  brachium  conjunctivum 
and  red  nucleus  are  colossally  developed  in  comparison  with 
the  other  tegmental  structures.  It  has  been  attempted  by 
purely  anatomical  methods ;  by  the  method  of  secondary  degen- 
erations, and  by  the  embryological  method.  Thus  far  but  little 
help  has  been  gained  in  this  connection  by  the  use  of  Golgi's 
method,  but  a  beginning  has  been  made.  The  application  of 
the  method  of  Nissl,  though  full  of  promise,  has  as  yet  been 
limited. 

The  purely  anatomical  studies,  extending  the  earlier  re- 
searches of  Reil,  Burdach,t  Arnold,  Gratiolet,  J  and  Luys,^  have 
been  carried  out  chiefly  with  the  aid  of  serial  sections  by  Mey- 


*  I  wish  to  thank  Prof.  Gildersleeve,  of  the  Johns  Hopkins  University,  for 
suggesting  this  term  as  a  suitable  English  equivalent  for  Munk's  Kdrper- 
fiihlsphdre, 

t  Burdach,  K.  F.    Vom  Baue  und  Leben  des  (rehims.    Leipzig,  1819-'26. 
)  T^uret  et  Gratiolet.    Anatomie  comparee  du  systeme  nerveux.    Paris, 
1830-57. 

•  Luys,  J.  Recherches  sur  le  system e  nerveux  cerebrospinal.  Paris, 
1865 ;  Iconographie  photographique  des  centres  nerveux.    Paris,  1873. 
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nert,  *  Forel,  t  Ganser,  J  Dejerine,*  von  KoUiker,]  Milk,- 
and  von  Monakow.^ 

Forel,  in  his  exhaustive  description  of  the  tegmental  region, 
attempts  to  follow  from  the  pons  and  midbrain  the  main  loogK 
tudinal  paths  upward  into  the  tegmentum  and  hjpothakmk 
region.  His  conclusions  regarding  the  various  bundles  which  if 
have  seen  may  be  concerned  in  the  carrying  of  impulses  hm 
the  bodily  sense  organs — namely,  the  fasciculus  longitadiuAli^ 
medialis,  certain  longitudinal  bundles  of  the  f  ormatio  reticiilarii, 
the  medial  lemniscus  and  the  brachium  conjunctivum,  and  the 
fibres  coming  out  of  the  red  nucleus  may  here  be  referred  ta 

As  regards  the  fibres  of  the  fasciculus  longitudinalis  medi- 
alis, Forel  I  found  that  the  majority  of  the  coarse  fibr^  aed 
some  of  the  tine  fibres  reaching  the  level  of  the  posterior  cm- 
missure  of  the  brain  enter  into  it.  The  majority  of  the  finer 
fibres,  however,  went  farther,  passing  through  the  fascicnlie 
retroflexus  Meynerti  to  become  lost  in  the  gray  matter  of  tk 
tegmentum,  mingling  with  fibres  from  the  formatio  reticukria. 
and  perhaps  reaching  the  area  in  the  hypothalamic  regicB 
designated  by  Forel  as  Feld  H^  {vide  infra). 

The  longitudinal  bundles  of  the  formatio  reticularis  ^ 
much  confused  in  the  midbrain  by  the  decussatio  brachii  mr 

*  Meynert,  Th.  Vom  Gehime  der  Sftugethiere.  Article  in  Strifker'i 
Handbuch  der  Lehre  von  den  Geweben,  etc.,  Leipz.  (1871-72) ;  also  Psjcb- 
try,  translated  into  English  by  B.  Sachs.    New  York,  1885. 

t  Forel,  A.  Beitrftge  zur  Kenntniss  des  Thalamus  opticus  und  d<r  h 
umgebenden  Gebilde  bei  den  Sftugethieren.  Sitzungsb.  d.  k.  Ahd.  i 
Wissensch.,  Bd.  Ixvi,  Wien  (1872),  S.  25-58.— Untersuchungen  neber  (fe 
Haubenregion  und  ihre  oberen  Verknupfungen  im  Gehime  des  Htvs^ 
und  einiger  Sftugethiere,  mit  Beitrftgen  zu  den  Methoden  der  GehinwflW' 
suchung.  Arch.  f.  Psychiat.  u.  Nervenkr.,  Berlin,  Bd.  vii  (1877),  S.  381 

X  Ganser,  S.    Vergleichend-anatomische  Studien  ueber  das  Gehin  ^ 
Maulwurfs.    Morphol.  Jahrb.,  Jjcipz.,  Bd.  vii  (1882),  S.  591-725 

*  Dejerine,  J.    Anatomic  des  centres  nerveux.     Paris,  1895. 
I  von  Kfilliker,  A.     Op.  ciL,  S.  428. 
^  Mills,  C.  K.    Sections  of  the  Cerebral  Ganglia,  with  Remarb  on  ikc 

Anatomy  and  Lesions.  Tr.  Path.  Soc.  Phila.  (1879-'8l),  vol.  \{M\n 
179-182. 

0  von  Monakow,  C.  Experimentelle  u.  pathologisch-anatomiscbe  TaJ^ 
suchungen  ueber  die  Haubenregion,  den  SehhUgel  und  die  Rejfio  aW*' 
mica,  nebst  Beitrftgen  zur  Kenntniss  frUh  erworbener  Gpos*-  undKl«»"^ 
defecte.     Arch.  f.  Psychiat.  u.  Nervenkr..  Berl..  Bd.  xxvii  (1895),  &  1.** 

J  Op.  c»7.,  S.  417. 
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junctivi.  They  become  displaced  dorsally  and  lateral! j, 
above  the  red  nucleus  pass  apparently  into  the  diffusely  lim 
oval  Feld  H.  A  special  mass  of  fibres  of  the  f ormatio  n 
ularis,  designated  as  Hauhenfascikeln  or  fascicoli  tegmenti 
Meynert,  and  especially  well  seen  in  the  dog  (Fig.  435),  pass 
ward  and  apparently  go  directly  to  the  most  ventral  parts  of 
thalamus. 

The  fibres  from  the  brachium  conjanctirum  and  from 
red  nucleus  were  especially  studied  by  Forel.  He  descri 
particularly  the  white  matter  of  the  dorsal  snrface  of  the 
nucleus  and  that  of  the  lateral  surface  of  the  red  nucleus. 

Taenia  Bemicircularis 
Nucleua  lateraliM  thcUami 
Lamina  tneduUaris  medialit 

Nucle%i§  medialis  thalami. 

Ventrieulua  tertiug.- 


'    Lamitui  fneduttariiidUfrat 

F\yrel'9  Feld 

Nudeut  ruber.  _  ^      __._ 

*^Nucie%t»  hvpoikaknnk*M 
{corpus  lOuyn). 

BATho/FbreL 
t  \ 

N.  octUomotorituJ  8tU>ttanUa  nigra. 

Fio.  436. — Frontal  section  through  the  human  brain  stem.  '  After  A.  F«Ri 
Arch.  f.  Psychiat.,  Berl.,  Bd.  vii,  1877.  Taf.  vii.  Fig.  10.)  BATK  ^ 
bundle  of  fibres  which,  coming  from  the  nucleus  ruber  and  its  capsule,  n» 
upward,  lateralward,  and  dorsalward  to  the  ventral  part  of  the  thsbuaes^ 
the  reticular  layer,  to  the  lamina  medullaris  lateralis,  etc.,  wheiv  the  &»* 
become  so  interwoven  with  others  that  they  can  not  be  followed  fritfe'; 
F^eVs  Fdd  H,  dorsal  white  matter  of  regio  subthalamica. 

believes  that  the  dorsal  white  matter  consists  of  fibres  fr» 
the  brachium  conjunctivum,  from  the  fasciculus  longitndiitfiB 
medialis,  and  from  the  f ormatio  reticularis  inextricably  mii^' 
On  the  lateral  surface  of  the  red  nucleus  he  describes  a  mss?"^ 
fibres  which  passes  obliquely  lateralward  and  dorsalward  tW 
the  cerebrum,  converging  to  form  a  bundle  which  he  calls  BiK 
(Fig.  436),  and  which  he  thinks,  in  the  main,  enters  intc  t^ 
ventral  part  of  the  thalamus,  there  again  to  break  up  into  «f^ 
ondary  bundles  which  appear  to  help  to  form  not  onlj  i» 
lamina  medullaris  lateralis,  but  also  other  laminaB  mednllif^ 
and  radial  bundles  of  the  thalamus.!     Lateralward  thisbnny^^ 


♦  If  one  studies  serial  sections  through  the  brain  of  the  new-bom  »* 
all  of  these  bundles  can  be  distinctly  recognized, 
t  Op.  ciL,  S.  425. 
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touches  the  zona  incerta,  while  dorsal  ward,  somewhat  above  the 
red  nucleus,  it  fuses  with  Feld  H, 

Forel  8  Feld  H  would  therefore  be  made  up  mainly  of  fibres 
from  the  capsule  of  the  red  nucleus,  partly  of  fibres  passing 
through  the  red  nucleus  from  below,  partly  from  fibres  which 
represent  medullated  axones  from  the  cells  of  the  red  nucleus 
itself.  There  are  contained  in  this  Feld  H,  then,  according  to 
Forel,  fibres  from  the  brachium  conjunctivum,  from  the  forma- 
tio  reticularis,  from  the  fasciculus  longitudinalis  medialis,  and 
from  the  red  nucleus. 

As  regards  the  main  portion  of  the  lemniscus,  Forel  de- 
scribes it  as  bending  dorsalward  and  lateralward  at  a  level  cor- 
responding to  the  lower  end  of  the  red  nucleus.  It  passes 
close  to  and  parallel  with  the  bundle  which  he  calls  BATh 
and  runs  in  a  direction  toward  the  pulvinar,  interweaving 
with  the  UauhenfasciJceln^  and  becomes  lost  in  the  gray 
matter  of  the  tegmentum,  so  that  its  fibres  can  not  be  further 
followed. 

Very  convenient  for  purposes  of  description  will  be  found 
the  division  of  the  hypothalamus  (regie  subthalamica)"^  adopted 
by  Forel.  He  recognizes  three  layers:  (1)  A  dorsal  layer  of 
white  matter ;  (2)  a  middle  layer,  the  so-called  zona  incerta, 
which  laterally  is  continuous  with  the  reticular  zone  of  the 
thalamus;  and  (3)  a  ventral  layer,  somewhat  more  laterally 
jlaced,  the  so-called  Luys'  body,  now  known  as  the  nucleus 
iypothalamicus  (corpus  Luysi)  (Fig.  437). 

The  dorsal  layer  of  white  matter  just  cerebral  ward  from  the 

xed  nucleus  consists  of  an  area  of  very  fine  medullated  fibres 

^which  Forel  designates  as  Feld  H,     This  field  may  receive  fibres, 

JForel  thinks,  from  (a)  the  fasciculus  longitudinalis  medialis ; 


*  The  limits  of  the  hypothalamus  (regio  siibthalamica),  or  Wernicke's 
stratum  intermedium,  as  defined  by  Forel,  are  as  follows:  Dorsally  it  is 
ooverod  by  the  thalamus,  being  separated  from  it  by  the  lamina  medullaris 
lateralis;  medially  it  is  limited  by  the  stratum  griseum  centrale  of  the 
tfiii-(i  A'entricle  and  by  the  fasciculus  thalamomammillaris  (Vicq  d*Azyrl)  and 
^"^  «Miterior  root  of  the  fornix;  ventrally  by  the  lamina  perforata  posterior 
^y  the  corpus  mammillare,  as  well  as  by  the  substantia  nigra  with  the  basis 
•^ticuli ;  laterally  by  the  internal  capsule  and  by  the  reticular  zone  {OH- 
^^'^^^ichf)  of  the  thalamus.  Below  it  is  limited  by  the  nucleus  ruber  and 
sciculus  retroflexus  (Meynerti) ;  above  it  is  continuous  with  the  sub- 


l^e. 


^^^'^tia  innominata  of  Reil. 
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(b)  longitudinal  bundles  of  the  formatio  reticularis;  and  {r) 
possibly  also  fibres  from  the  brachium  coujunctiyum  and  the 
red  nucleus,  inasmuch  as  he  believes  it  may  be  looked  upon  u 
a  continuation  cerebralward  of  a  process  of  the  capsule  of  white 
matter  surrounding  the  red  nucleus.     It  is  continuous  latenlh 

Ventricultu  lateralU.     Nucleus  caudatus. 

\    \ 


Nucleus  anterior  thalami.*. 


''Corona  radiata. 


Ventricuius  tertius.* —  __  

Capsula  interna. 

Forers  Feld  H. f^-~iiWlFl,^^(^HJi^  **"'-  Lamina  medullaris  tatenia. 

"^'  Tra<^tka  opticus. 

Nucleus  hypothaJam  icus  {corytu  LvfRi 

Bcuis  pedunculi. 

Fig.  437.— Frontal  section  through  the  human  brain  stem  showing  gabdinswai 
of  hypothalamic  region.  (After  A.  Forel,  Arch.  f.  I^ychiat.,  Beri.,  Bim 
1877,  Taf.  vii,  Fig.  11. )  y,  delicate  commissure  just  veutral  to  the  vHiCrif- 
ulus  tertius. 

with  the  lamina  medullaris  lateralis.  Higher  up,  in  sectians 
passing  through  the  posterior  part  of  the  corpus  mammillare/ 
Forel  describes  the  Feld  H  as  splitting  into  two  portions,  (Htf 
dorsal  {Feld  H^)^  remaining  in  direct  continuity  with  the  Luniitt 
medullaris  lateralis  of  the  thalamus ;  the  other  ventral  (FtU 
H^)^  sinks  into  the  zona  incerta,  becomes  more  compact,  uA 
sends  a  process  (of  white  matter)  lateral  ward  which  passes  a£i 
flat  lamella  over  the  cerebral  extremity  of  the  dorsal  white 
capsule  of  Luys*  body.  This  lateral  white  process  from  tb 
Feld  Ht  grows  thicker  farther  up,  is  closely  attached  to  Lnn 
body,  and  bends  around  its  lateral  margin  into  the  internal  cap- 
sule  at  its  junction  with  the  basis  pedunculi.  In  doing  9(^  i^ 
is  joined  by  lateral-ventral  bundles  from  Luys'  body,  and,  Uk' 
these,  divides  the  capsula  interna  into  rectangular  fields  (Fis 
438). 

The  zona  incerta,  a  mixture  of  gray  matter  and  white  matte 
lies  between  the  dorsal  layer  of  white  matter  and  Luys'  body. 

*  Forel's  sections  are  cut  at  right  angles  to  an  axis  going  from  tbe  (n*> 
tal  pole  to  the  occipital  pole  of  the  cerebrum,  not  at  right  angles  to  tbc  tf^ 
of  Meynert. 
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Forel  conld  say  Dothing  definite  regarding  the  Dature  or  rela- 
tions of  the  fibres  and  cells  situated  in  it. 

The  nucleus  hypothalamicus  (corpus  Lnysi),  the  most  ven- 
tral of  ForePa  three  layers,  is  a  blconyei,  transversely  oval, 
lens-shaped  mass,  somewhat  smaller  than  the  red  nucleus  and 
very  different  in  shape.  It  can  be  seen  to  begin  in  sections  cor- 
responding to  the  plane  of  the  fascicQlne  retrofiexns  Meynerti, 
in  which  it  lies  dorsal  to  the  basis  pedunculi  and  the  anterior 
part  of  the  substantia  nigra.  More  anteriorly  it  increases 
rapidly  in  size,  assumes  an  exquisite  spindle-shape  in  cross  sec- 
tion, with  somewhat  more  convex  dorsal  surface,  and  finally 
limits  sharply  dorsally  and  somewhat  medially  the  whole  basis 
'  peduDCuli.  It  is  largest  in  cross  section  at  a  level  just  pos- 
terior to  the  corpus  mammillare.  Anterior  to  this  point  it  be- 
comes smaller,  but  remains  spindle-shaped  in  cross  section  and 
finally  disappears  in  planes  corresponding  to  the  anterior  part 
of  the  corpus  mammillare.  The  dorsal  surface  of  Luys'  body 
is  turned  toward  the  zona  incerta,  while  the  ventral,  some- 
what less  convex  surface,  is  turned  toward  the  basis  pedunculi 
and  the  internal  capsule.  The  nucleus  is  inclosed  somewhat 
imperfectly  by  a  dorsal  and  ventral  white  capsule,  the  two  com- 
ing io  contact  with  one  another  at  the  circular  edge  of -the 
nucleus,  especially  at  its  anterior  and  posterior  extremities. 

iVuclFui  hj/polhaUiiiticti*.    Lamina  nttdullari»  lalrralii. 

fhrtrt  Ftitt  H)        ''    \         ^™"  "(icuioru  iOitltncliidttt. 


fenMcidtaterllat.—  -  'i^  -    J^^^Str 

Corput  mamiHiBari.  baiit  jKdunctili. 

Fio.  438.— Froalal  iwctiun  tliruiiKh  th<^  brain  stem.    'After  A.  Forel,  Arch.  f. 

PsychUt.,  BitI,,  Bii.  vii,  1877,  Tuf.  vii,  Fig.  13.1 

As  regards  the  nuclei  of  the  thalamus,  Forel  follows  closely 
the  descriptionsof  Burdacb,  who  divided  the  thalamus  (aside  from 
the  pulvinar)  into  three  gray  nuclei,  which  correspond  to  what 
we  now  designate  as  (1)  the  nucleus  medialis  thalami,*  (S)  the 
nucleus  lateralis  thalami,t  and  (3)  the  nucleus  anterior  thal- 

•  Burdach's  irmerer  Kem,  Luyg'  ctnlre  mot/tn. 
t  Burdach's 
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ami.*  In  addition  he  recognizes  the  existence  of  Lays'  rtnirt 
median^  a  nucleus  hidden  by  many  medullated  fibres  lying  deep 
in  the  substance  of  the  thalamus  between  the  nucleus  raber, 
the  nucleus  medialis  thalami,  and  the  nucleus  lateralis  tbabimL 
Von  Tschisch,t  in  1886,  described  an  additional  nucleus  in  the 
thalamus  situated  just  dorsal  to  the  red  nucleus  and  latenl 
from  the  fasciculus  retroflexus  Meynerti.  This  mass  of  gnj 
matter,  which  in  reality  belongs  to  the  nucleus  lateniis 
thalami  (according  to  von  Monakow  to  the  ventral  gronp  of 
nuclei),  is  concave  above,  and  in  the  concavity  rests  the  centn 
midian  of  Luys.  Von  Tschisch  caUs  it  the  schalen/drmigfr 
Korper;  Dejerine  writes  of  it  as  the  noyau  semilunaire  it 
Flechsig ;  and  von  Kolliker  calls  it  the  nucleus  arcuatuf  of  ^ 
thalamus. 

Dejerine,  in  a  beautifully  illustrated  publication,  descnbes 
and  pictures  a  large  number  of  sections — coronal,  horizontal,  ami 
sagittal — through  the  cerebral  hemispheres,  from  which  the  stu- 
dent, in  working  through  the  region  of  the  thalamus  and  hypo- 
thalamus, will  find  much  help.  An  extremely  careful  and  de- 
tailed description  of  the  thalamus  and  hypothalamus  has  hm 
given  to  us  by  von  Kolliker  in  the  last  edition  of  his  text- 
book ;  it  is  of  especial  value  in  that  it  is  accompanied  by  a  lai^ 
number  of  exquisite  illustrations. 

Von  Kolliker  I  accepts  Forel's  nomenclature  as  regards  fields 
H,  Hi,  and  Hj.  He  calls  Feld  H  the  "  tegmental  bundle  d  , 
the  red  nucleus."  ^  This  splits  into  two  parts :  a  dorsal  ptft 
Forel's  Feld  H^^  which  he  designates  as  the  "  tegmental  bundle 
of  the  thalamus,''  ||  and  which  he  finds  vanishes  in  the  lamiu 
medullaris  lateralis  and  in  the  nucleus  lateralis  thalami;  and  a 
ventral  part,  Forel's  Feld  H^y  which  he  calls  the  "  tegmeitai 
bundle  of  the  lentif  orm  nucleus ;  ^  this  goes  through  Lnjs' 
body  and  the  cerebral  peduncle  to  become  lost  in  the  nudea* 
lentif ormis.      He   separates  the   upward   continuation  of  tk 


*  Biirdach's  oberer  Kern,  Luys'  centre  aniSrieur. 

f  von  Tschisch,  W.  F.  Untersuchunpen  zur  Anatomie  der  GehirBi*^ 
glien  des  Menschen.  Ber.  d.  math.-phys.  CI.  d.  k.  sachs.  Gesellseh.  d.  WV 
ensch.,  1886. 

t  Op,  ct7.,  S.  434. 

*  JtaubenbUndel  des  rothen  Kernes, 
I  Haubehbundel  des  Thalamus. 

^  ITauhenlnindel  des  Linsenkeme^. 
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medial  lemniscus  from  Feld  H^  and  states  that  it  is  situated 
laterally  from  it. 

The  upward  continuation  of  the  fasciculus  longitudinalis 
medialis  is  discussed  at  length  by  von  KoUiker.*     In  his  opin- 
ion, instead  of  breaking  up  in  the  nucleus  of  the  posterior 
commissure,  the  medial  portion  of  the  fasciculus  passes  ventral- 
ward  into  the  hypothalamus,  and  then  passes  dorsal  from  the 
corpora  mammillaria  to   enter  a   commissure  formed  by  the 
bandies  of  the  two  sides.     A  second  portion,  including  the 
majority  of  the  fibres,  mixed  with  the  arcuate  fibres  which  sur- 
round the  red  nucleus  on  its  medial  and  ventral  aspects^  be- 
comes lost  beneath  the  same,  so  that  it  can  not  be  followed 
further.     Although  he  formerly  believed  that  it  represented  a 
crossed  central  sensory  path,  he  now,  as  a  result  of  the  studies 
of  van  Gehuchten,  Held,  and  others,  is  inclined  to  think  that 
the  majority  of  the  fibres  are  descending,  having  their  origin 
either  in  the  thalamus  or  in  the  central  gray  matter  of  the  third 
ventricle. 

With  regard  to  the  bundles  passing  cerebralward  from  the 
region  of  the  red  nucleus,  von  KoUiker  thinks  it  is  difficult  to 
state  how  many  of  them  come  from  the  brachium  conjunctivum, 
and  how  many  of  them  correspond  to  longitudinal  bundles  of 
the  formatio  reticularis.!  He  agrees  with  Forel  in  thinking 
that  the  bundle  designated  by  the  latter  BA  Th  goes  over  into 
Feld  H  and  splits.  His  descriptions  of  the  fibres  from  Feld 
Hx  and  from  Feld  H^  agree  in  the  main  with  that  of  Forel. 

The  bundles  from  the  red  nucleus  itself  tend,  von  KoUiker 
states,  to  surround  the  centre  median  on  its  ventral  side,  and 
are  continued  in  the  form  of  an  arched  platelet,  which,  cutting 
through  a  radiation  of  the  thalamus  parallel  to  the  lamina 
meduUaris  lateralis,  turns  dorsal  ward  and  becomes  lost  before 
reaching  the  dorsal  surface  of  the  thalamus.  .This  arched 
plate  of  fibres  is  seen  in  frontal  sections  farther  forward  at 
the  beginning  of  the  lamina  meduUaris  medialis.  Parallel 
with  this  plate  there  go  stronger  fibre  bundles  from  the  red 
nucleus  through  the  meduUated  radiations  of  the  lateral  nucleus 
of  the  thalamus,  representing  for  some  distance  a  special  inter- 
mediary lamina  meduUaris  (Fig.  439).  Between  these  two  ra- 
diations from  the  red  nucleus  is  to  be  found  a  small  field  of 

•  Op.  eit,  S.  438.  t  Op,  ciL,  S.  454. 
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gray  substance,  the  nuclens  arcuatus,  or  schalenfdrmiger  Khrfn 
of  von  Tschisch. 

Von  Kolliker  in  his  text-book  gives  further  an  elaborate  de- 
scription of  the  different  nuclei  of  the  thalamus,  in  which  be 
compares  his  findings  in  Weigert  preparations  of  the  bndn  of 


u, 


>^ 


Fio.  430. — Frontal  section  through  the  brain  stem  of  man.     (AfterA.  t«K<^ 
liker,  Handbuch  der  GeweU'lehre,  Leipz.,  Bd.  ii,  1898,  S.  537,  Fig.  W '  *- 
aqueductus  cerebri  ;  Ci^  capsula  interna ;  Cl^  nncieus  hypothaUunicos  fl«I* 
Luysi) ;  Cp,  conimissura  pogterior  cerebri  ;  FM,  fasciculus  retroflenB  M?f 
nerti ;  Ghp,  globus  pallidus  of  nucleus  Icntiformis ;  /.mm,  lamina  medolltn^ 
medialis ;    Lml,  lamina  medullaris  lateralis ;  A7,  nncleus  lateralis  tbiiif 
A'w,  centre  mSdian  of  Luys  (v<m  Kollikcr's  nucleus  medius  thalaini).^*^ 
nucleus  medialis  thalami ;  Narc^  nucleus  areuatus  {itchalenformiger  Kiff^' 
Flechsig  and  von  Tschisch ) ;    Ar,  nucleus   rul>er ;    /*,  putamen ;  /)».  ^ 
pedunculi;  *Qa,  collicnlns  superior;    »^,  substantia  nigra;    TK  1hua» 
Tr.o.,  tractus  opticus. 

man  and  animals  with  those  of  Nissl  in  the  thalamus  of  rabbits 
As  is  well  known,  Nissl*  has  made  a  very  thorough  staiy^ 
the  nuclei  of  the  thalamus  in  the  rabbit,  and  has  isobited^'' 
cording  to  the  form  and  grouping  of  the  cells,  some  trefi? 
different  nuclei.     In  brief,  his  description  is  as  follows : 


In. 


4 


uit 


^i^e  k 


3^ 


*  Nissl,  F.    Tagebl.  d.  62  Versamml.  deut^ch.  Natarf.  u.  Aentf, 
(188ft-'90),  S.  509. 
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part  of  the  thalamus  projecting  most  anteriorly  is  situated  an 
anterior  nucleus  which  must  be  divided  into  a  smaller  anterior 
dorsal  and  a  larger  anterior  ventral  nucleus.  The  latter  shows 
a  further  differentiation,  so  that  one  can  distinguish  distinctly 
in  it  a  dorso-medial  part  from  a  ventro-lateral  part  in  which  the 
cells  are  much  closer  .together.  Medial  from  the  anterior 
nucleus  is  seen  the  rather  small  anterior  medial  nucleus  which 
lies  like  a  cap  around  the  middle  medial  nucleus.  The  latter 
is  a  large  nucleus  situated  close  to  the  middle  line,  and  visible 
for  as  much  as  half  of  the  longitudinal  extent  of  the  thalamus. 
Ventral  from  the  anterior  nucleus  lies  the  nucleus  of  the  retic- 
ular zone  {Gitterschicht).  The  first  to  appear  in  a  frontal 
series  of  sections  is  the  ventral  nucleus  of  the  reticular  zone, 
which  terminates  medially  at  the  transverse  section  of  the 
columns  of  the  fornix ;  laterally  it  adjoins  the  lateral  nucleus 
of  the  reticular  zone,  an  insignificant  nucleus.  Between  the 
ventral  nucleus  of  the  reticular  zone  and  the  ventral  anterior 
nucleus  lies  the  dorsal  nucleus  of  the  reticular  zone.  Close  to  the 
middle  line  appears  a  narrow  cell  plate  of  spindle-shaped  cells, 
which  Xissl  calls  the  "nucleus  of  the  middle  line,"  without 
questioning  whether  it  belongs  to  the  thalamus  or  to  the  stratum 
griseum  centrale.  This  nucleus  of  the  middle  line  is  invaded 
1>y  the  middle  medial  nucleus,  which  quickly  approaches  the 
middle  line,  so  that  one  part  of  it  comes  to  lie  dorsal,  another 
ventral  from  the  middle  medial  nucleus.  These  two  parts 
quickly  spread  out  lateralward,  the  dorsal  more  than  the 
ventral. 

In  a  slight  lateral  projection  of  the  thalamus  is  situated  the 
anterior  extremity  of  the  lateral  nucleus.  First  of  all  comes 
the  anterior  lateral  nucleus,  which  occupies  'almost  two  thirds 
of  the  longitudinal  extent  of  the  thalamus  and  which  increases 
in  size  as  the  anterior  nucleus  diminishes.  It  has  the  form  of 
a  sector  of  a  circle,  the  curved  line  of  which  forms  the  lateral 
curve  of  the  thalamus,  the  medial  radius  of  which  adjoins  the 
anterior  nucleus,  the  ventral  radius  adjoining  the  dorsal  nucleus 
of  the  reticular  zone.  Around  the  angle  formed  by  the  apex  of 
the  sector  there  is  deposited  a  narrow  row  of  cells  also  in  the 
form  of  an  angular  mass.  One  series  of  these  cell  groups  lies, 
therefore,  between  the  anterior  lateral  nucleus  and  the  ventral 
anterior  nucleus;  the  other  between  the  anterior  lateral  nucleus 
and  the  dorsal  nucleus  of  the  reticular  zone.     Since  this  nu- 
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cleus  contains  the  largest  cells  which  occur  in  the  thabunu, 
Nissl  calls  it  ^^  the  large-celled  nucleus  ^^  of  the  thalamus. 

As  the  anterior  nucleus  vanishes,  its  place  comes  to  be  oeco- 
pied  by  the  posterior  medial  nucleus,  a  large  nucleus  whiefa 
laterally  abuts  against  the  anterior  lateral  nucleus.  Besides, 
between  the  yentral  and  the  dorsal  nuclei  of  the  reticular  zoDe, 
which  are  both  displaced  markedly  lateral  ward,  a  new  nndeu 
develops,  which  had  hitherto  never  been  mentioned.  Xkl 
calls  it  the  ventral  nucleus.  It  is  very  large,  and  occnpki 
about  the  posterior  half  of  the  longitudinal  extent  of  the  tittk- 
mus.  This  nucleus  is  very  difficult  to  describe,  because  tno- 
sitions  into  almost  all  the  other  nuclei  occur.  However,  it  s 
not  difficult  to  determine  in  it  three  cell  groups  of  definite 
arrangement.  The  lateral  ventral  nucleus  possesses  spindk 
cells,  the  medial  ventral  nucleus  large  cells,  the  dorsal  veDtnl 
nucleus,  on  the  contrary,  small  cells.  The  ventral  nucleus  is 
its  totality  represents  a  triangle,  the  base  of  which  rests  npoe 
the  lamina  medullaris  lateralis. 

Soon  after  the  appearance  of  the  lateral  geniculate  bodj  tb 
posterior  lateral  nucleus  develops,  which  contains  much  smalkr 
cells  than  the  anterior  lateral  nucleus.  The  posterior  kteni 
nucleus  is  situated  between  the  lateral  geniculate  bodies  and 
the  anterior  lateral  nucleus.  In  these  frontal  planes  there  ar? 
to  be  made  out  in  addition  only  some  remains  of  the  Tentnl 
nucleus  of  the  reticular  zone,  the  ventral  nucleus,  the  posteriof 
medial  nucleus,  and  the  nucleus  of  the  middle  line,  the  sepi- 
rated  parts  of  which  have  again  coalesced  through  the  diap 
pearance  of  the  middle  medial  nucleus.  Besides,  in  these 
planes,  one  finds  also  the  ganglion  habenulae,  in  which  a  bmh? 
distinct  lateral  nucleus  can  be  made  out,  containing  scattered 
larger  cells,  and  a  medial  nucleus  with  cells  pressed  close  to- 
gether. While  the  lateral  geniculate  body  becomes  much  laipr, 
the  other  nuclei  diminish  in  size,  and  there  appears  betres 
the  two  lateral  geniculate  nuclei  and  the  ganglion  habenahet^ 
posterior  lateral  and  the  posterior  medial  nucleus.  The  lantf 
shows  scattered  cells,  which  go  over  quickly  into  the  stratna 
griseum  centrale,  while  the  former  is  a  larger  nucleus  conttfB- 
ing  cells  closely  massed  together,  which  stain  feebly.  ^^ 
the  appearance  of  the  posterior  commissure  and  of  the  dm^ 
geniculate  body  the  posterior  lateral  nucleus  alone  still  rem^ 
large,  while  only  remains  of  the  lateral  geniculate  body,<rf* 
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posterior  medial  nucleus,  and  of  the  ventral  nucleus  are  visible. 
Nissl  believes  that  Ganser  is  incorrect  when  he  states  that  the 
posterior  nucleus  goes  over  into  the  medial  geniculate  body^ 
and  holds  that  von  Monakow  is  also  wrong  in  thinking  that 
this  nucleus  also  goes  over  into  the  lateral  geniculate  body. 
He  states  that  the  posterior  nucleus  is  always  sharply  separable 
from  the  two  geniculate  bodies.  The  lateral  geniculate  body 
consists  of  a  dorsal  nucleus  and  a  ventral  nucleus.  In  the  dor- 
sal nucleus,  again,  one  can  make  out  a  lateral-dorsal  nucleus, 
which,  in  contrast  to  the  dorsal  nucleus  proper,  possesses  far 
larger  cells.  This  lateral-dorsal  nucleus  is  identical  with  von 
Gudden's  centre  for  the  pupillary  fibres.  The  ventral  nucleus 
of  the  lateral  geniculate  body  can  be  distinctly  differentiated 
into  a  ventro-medial  nucleus  and  a  ventro-lateral  nucleus  con- 
taining cells  of  a  different  sort. 

According  to  von  KoUiker,  Nissl  has,  since  the  publication 
referred  to,  given  up  his  posterior  medial  nucleus ;  accordingly 
he  designates  as  the  "  posterior  "  nucleus  the  mass  of  gray  matter 
which  he  formerly  called  the  "  posterior  lateral "  nucleus.  He 
adds  still  another  undescribed  nucleus,  which  he  states  is  situ- 
ated close  to  the  taenia  thalami,  and  contains  numerous  spindle- 
shaped  elements. 

For  the  sake  of  convenient  reference,  I  have  arranged  these 
nuclei  described  by  Nissl  in  tabular  form. 

Nuclei  of  the  Thalamus  of  the  Rabbit  (according  to 

Nissl). 

I.  Anterior  Nucleus, 

(a)  Dorsal  nucleus. 

(b)  Ventral  nucleus. 

a  Dorso-medial  part. 
P  Ventro-lateral  part. 

II.  Medial  NucUus. 

(a)  Anterior  nucleus. 

(b)  Middle  nucleus. 

(c)  Posterior  nucleus  (since  given  up). 

III.  Nuclei  of  the  Reticular  Zone  (Oitterschichkerne), 

(a)  Ventral  nucleus. 

(b)  Lateral  nucleus. 

(c)  Dorsal  nucleus. 
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IV.  Nucleus  of  MiddU  Line. 

(a)  Dorsal  part. 

(b)  Ventral  part. 

V.  Lateral  Nucleus. 

(a)  Anterior  nucleus. 

(b)  Posterior  nucleus. 

VI.  Ventral  Nucleus, 

(a)  Lateral  nucleus. 

(b)  Medial  nucleus. 

(c)  Dorsal  nucleus. 

VII.  Posterior  Nucleus  (now  designated  the  posterior  latenl 
nucleus). 

VIII.   Unnamed  Nucleus  (close  to  taenia  thalami). 

Von  Monakow*  has  carefully  studied   the  nuclei  of  the 
thalamus  in  human  beings  and  in  higher  mammals,  and  htf 
compared  his  results  with  those  obtained  by  Nissl  in  therabfeit 
He  widens  the  classification  which  dates  from  Burdach's  ^ 
scription  {vide  supra).    It  would  take  up  too  much  space  to 
introduce  here  a  detailed  account  of  his  findings,  but  the  id- 
lowing  table  will  give  a  fair  idea  of  his  classification  of  tbf 
nuclei  as  observable  in  a  series  of  sections  in  human  beings^  It 
is  to  be  especially  noted  that  von  Monakow  adds  a  distinct  res- 
tral  group  of  nuclei  to  the  older  descriptions.     Thus,  the  ktani 
nucleus  of  the  thalamus  (of  Burdach)  is  divided  by  an  arbitmr 
plane  into  two  halves — one  dorsal  (lateral  nacleus  of  von  Modi- 
kow)  and  one  ventral  (belonging  to  von  Monakow's  ventnl 
group  of  nuclei). 

Nuclei  of  Thalamus  in  Human  Beings  (accobdikg  w 

VON  Monakow)  (Figs.  440-444). 

I.  Anterior  Nucleus. 

(a)  Ant.  a — the  main  mass  (Fig.  444). 

(b)  Ant.  c — an  accessory  anterior  nucleus  (Pig.  444). 

II.  Medial  Nucleus. 

(a)  Med.  a — the  main  portion  consisting  of  the  anterief 
and  medial  portions  (Fig.  442). 

(b)  Med.  b — ^the  centre  midian  of  Luys  (Fig.  442). 

*  Op.  eit.    Arch.  f.  Psychiat.  u.  Nervenkr.,  BerL,  Bd.  iitiI 
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III.  Lateral  Nucleus  (Fig.  444) — ^the  dorsal  half  of  Burdach's 

lateral  nucleus  of  the  thalamus. 

IV.  Ventral  Group  of  Nuclei. 

(a)  Vent.  ant.  (Fig.  444) — the  anterior  ventral  nucleus. 

(b)  Vent,  a  (Fig.  442) — the  middle  ventral  nucleus. 

(c)  Vent,  b  (Fig.  442) — the  medial  ventral  nucleus  {schal- 
enformiger  Korper  of  Flechsig  and  von  Tschisch. 

(d)  Vent,  c  (Fig.  441) — the  lateral  ventral  nucleus. 

V.  Nuclei  of  the  Reticular  Zone  {Gitterschi^htkerne^  Fig.  443). 
VI.  Posterior  Nucleus  (Fig.  441). 
VII.  Pulvinar  (Fig.  440). 

In  the  cat  von  Monakow  describes,  in  addition  to  the  nuclei 
above  mentioned,  (1)  a  nucleus  ant,  by  (2)  a  nucleus  med.  a. 
and  (3)  a  nucleus  med,  c  (nucleus  magnocellularis  of  the  medial 
nucleus).    He  divides  his  lateral  nucleus  into  two  parts,  lat.  a 

Pulvtnar. 

Corpus  geniculatum  mediale. 
'    Brachitim  quadrigeminwn  inferivs. 
CoUiculxia  superior. 

Aqueductua  cerebri. 


\DecuMatio  br<ichii 
Ccrpua  geniculatum  latercUe.      \         ^'^^S^'"^-^'  conjunctivi. 

Nucleus  posterior,  thalami. 

Fio.  440. — Frontal  section  through  a  normal  human  brain  at  the  level  of  decus- 
aatio  brachii  conjunctivi.  (After  C.  von  Monakow,  Arch,  f.  Psychiat..  Berl., 
Bd.  xxvii,  1895,  Taf.  ii.  Fig.  10.)  Si,  lemniscus  superior  {obere  Sdtleife) ;  /Si, 
main  portion  of  lemniscus  medialis  (Haupttheil  der  ScMeifenschicht) ;  x,  lateral 
white  matter  of  lateral  geniculate  body. 

and  lat.  b.    The  nuclei  of  the  reticular  zone  (Gitterschicht)  he 
divides  into  an  anterior  and  a  posterior  group. 

Tschermak  *  speaks  of  a  medial  ventral  nucleus  in  the 
thalamus  which  is  identical  with  the  schalefiformiger  fi'drper  of 
Flechsig  and  with  von  Monakow's  vent.  b.  The  middle  or  cen- 
tral nucleus  {vent,  a)  and  the  lateral  ventral  nucleus  or  ve7it.  c 

♦  Tschermak,  A.  Ueber  den  centralen  Verlauf  der  aufsteigenden  Hin- 
terstraDgbahnen  und  deren  Beziehungen  zu  den  Bahnen  im  Vorderseiten- 
strang.     Arch.  f.  Anat.  u.  Physiol.,  Anat.  Abth.,  Leipz.  (1898),  S.  291-400. 

45 
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of  von  Monakow  are  grouped  together  by  Tschermak  and  e&Qed 
the  "  ventral  nucleus  in  the  narrower  sense.*'  *  He  describes  the 
schaUnformiger  Kbrper  as  spreading  out  lateralward  and  going 
over  without  sharp  limit  into  the  nucleus  lateralis  thalami.   It 


Su/deut  posterior  thalami, , 


Corpun  genieuiatum  laierate. 
Corpus  ffenicuUUum  mediate. 


.Nudeus  ventrtUis  lateralis  thalami. 

Pulvinar. 

Colliculus  superior. 

Commissura  posterior  cenhn 
Aqueductus  cerebri. 


.^.FVxaciculns  Ummtudi- 
naiis  wiedialis. 

^IBrachium^  art^functiFsm 
et  nucleus  ruber. 


Lemniscus. 


K     ^Substantia  nigra. 

Lemnisctta  mediitlis. 
Basis  pedunculi. 

Fio.  441.— Frontal  scctaon  through  a  normal  human  bi&in  at  leTel  of  ni^pr 
extremity  of  corpus  genieuiatum  mediale.  (After  C.  von  Monakow,  Anh.  i 
Psychiat.,  Berl.,  Bd.  xxvii,  1895,  Taf.  ii.  Fig.  13.)  x,  lateral  white  mttEr 
of  lateral  geniculate  body ;  y,  lateral  white  matter  of  pulvinar. 

is  divided  by  bands  of  meduUated  fibres  into  a  number  of  small 
groups  of  ganglion  cells.     Under  the  term   Thalamugmamf 
Tschermak  describes  the  more  or  less  egg-shaped  total  maas  of 
the  thalamus  which,  latero-ventrally  and  laterally,  as  far  as  the 
floor  of  the  lateral  ventricle,  is  surrounded  by  a  lamella  of  gnj 
substance,  the  Gitterschicht  or  zona  reticularis.     This  Thk- 
musschaley  as  Tschermak  prefers  to  call  it,  is  continuous  iritii 
the  anterior  extremity  of  the  substantia  nigra  and  with  tli^ 
corpus  genieuiatum  mediale.    Ventral  from  the  ThcUamumhali 
lies  the  nucleus  hypothalamicus  (corpus  Luysi)  covered  bJit^ 
dorsal  white  matter,  the  so-called  Feld  H^  of  ForeL    In  nufi 
the  nucleus  hypothalamicus  lies  upon  the  dorsal  surface  of  the 
basis  pedunculi,  but  in  the  cat  it  passes  through  the  latter  is  > 
coarse-meshed  framework  of  gray  matter.     On  the  lateral  sid* 
of  the  Thalamusschale  are  situated  the  fibres  of  the  capsols  in- 
terna (the  direct  continuations  of  the  white  fibres  of  the  bssj 
pedunculi).    Inasmuch  as  the  Thalamusschale  leaves  the  7U- 
arnusmassiv  uncovered  only  on  its   medio-ventral  snrfsce,  i 
groove  is  formed  through  which  fibres  pass,  on  the  one  hand,  be- 
tween the  Thalamusschale  and  the  Thalamusmassiv^  and, « 


*  Ventralkem  im  engeren  Sinne, 
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the  other  hand,  into  the  gray  matter  of  the  Thalamusschale  and 
of  the  Thalamusmassiv  themselree.  Accordingly,  Tachermsk 
designates  this  the  Hilus  thalami.  The  fibres  which  enter  the 
thalamus  run  in  company  with  other  fibres  which  leave  the 
thalamus,  in  places  forming  very  definite  bundles  which,  run- 
ning through  the  gray  matter,  divide  the  thalamus  up  iato  a 
number  of  nuclei  or  groups  of  nuclei. 

Tscbermak's  description  is  so  clear  and  agrees  bo  well  with 
what  one  actually  sees  in  sections  through  this  region  that  some 
of  its  main  features  may  with  propriety  be  introduced  here. 
Numerous  bundles  can  be  seen  passing  out  of  the  hypothalamic 
region  and  radiating  through  the  hilus  thalami  into  the  thal- 
amus itself.  These  include  the  remains  of  the  lateral  lemniscus, 
the  medial  lemniscus  and  the  radiations  of  the  red  nucleus. 
Some  fibres,  however  approaching  the  hilus  scarcely  enter  it, 
but  turn  aside  again  to  break  through  the  Thalamu  schale  and 


Caprala  mirma 


Lam        med  Uarumedialu 
^vcUut  mtdtalit  IhaUott  {b} 


Nuttnt  Imlifomlt.- 


A'g^^  JViicfelu  med  at     Ihalnvi 

'f  r  I  y         Tan  a  thalam 

'eraUtleomultiffriii£\  )  leorpiuL 

■un  rmlralu  thalami  la%  I      I    / 
ictftit  vtntnma  thaUinil  lb)    j  ' 


^    --    — j^hypothal  m  CI 
enlriculutlaferaliateomui"*'-^"'-^  *  j— — -  r    _.— i 

Ntrlttu  rend    '     ' 

llatiipeduncuti. 
Tia,  443, — Front&l  Bcction  tbroogb  a  normal  humsn  brain  at  the  level  of  the 

lower  end  of  the  nucleus  liyputlmlarokiiK.  (After  C.  voo  Monskow,  Arrh.  f. 
PHychiat.,  Berl.,  Bd.  xxvii,  1B»5.  Taf.  iii,  Fig.  30.)  •.  dorsal  white  matter 
of  QuclenH  niher ;  8,  ventml  while  matter  of  uucleuti  ruber ;  y,  lateral  while 
matter  of  uucIcuh  ruber. 

bend  around  past  the  nucleus  hypothslamtcns  to  arrive  in  the 
basis  pedunculi.  In  man  the  fibres  of  the  main  mass  of  white 
matter  in  the  hypothalamic  region,  at  least  those  most  ventrally 
situated,  do  not  pass  through  the  hilus  into  the  thalamus. 
These  ventral  fibres,  on  the  contrary,  run  along  the  ventral  sur- 
face of  the  Thalamusschale — that   is,  between  this  and   the 
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nucleus  hjrpothalamicus,  forming  the  "  dorsal  white  matter  "  of 
the  latter  {Feld  H^  of  Forel).  They  pass  lateralward  into  the 
basis  pedunculi,  and  so,  according  to  Tschermak,  represent 
genuine   direct   hypothalamic   fibres  from     the     hypothalamic 


CapnUa  interna. 


Zona  rtticularU  {Oitter-  w- 
schicht).  I 

Nucleus  lentiformU. 


Xucleus  ventraiia  thcUami  •-' 
(ant).  ^ 

An§a  lenticularU^  para 
daraalU. 


Commiarura  anterior  cerebri. 
Anaa  lenticularia  ipara  ventraiia). 

I^dunculua  cerebri. 


NucUua  lateralia  thalami. 

•Nucletu  ant^ior  thalami. 

^Lamina  meduUaria  medialia. 
-  Tcenia  thaUitni, 


JiFki9ciculu*  thalamoma 
"  1         laris  {  Vicq  d'Ax^ri) 

— \  Farera  Keld  H^. 
'"•^Cohimna  farrUeia. 

'Tradua  optieua. 


Fia.  443. — Frontal  section  through  a  normal  haman  brain  at  the  level  of  tb 
ansa  lenticularis  (anterior  to  the  nucleus  hypothalamicus).  (After  C  Toi 
Monakow,  Arch.  f.  Psychiat.,  Berl.,  Bd.  xxvii,  18»5,  Taf.  iii.  Fig.  28.) 


region  to  the  basis  pedunculi.  Speaking  purely  topographicallj, 
these  direct  fibres  represent  a  continuation  of  the  bundle  whicli 
in  lower  regions,  especially  at  the  level  of  the  coUiculng  «n- 
perior,  can  be  seen  passing  over  from  the  area  occupied  by  tbe 
lemniscus  medialis  ventro-lateralward  into  the  basis  pednncnli 
These  are  the  fibres  which  Flechsig  designated  the  Fussschkift 
or  Fedunculusschleifey  and  they  are,  Schlesinger  believes,  prob- 
ably identical  with  the  fibres  of  the  lateral  pontine  bundles  of 
the  lemniscus  described  by  the  latter  author.* 


♦  Die  latercUe  pontine  Bundeln  der  Schleife,  With  regard  to  the  Fntt 
schleife,  Flechsig  is  now  of  the  opinion  that  its  fibres  are  not  among  tbe 
centripetal  fibres  of  the  lemniscus  medialis,  but,  on  the  contrary,  represent 
descending  (centrifugal)  fibres  which  pass  downward  with  the  fibres  of  th? 
pyramidal  tract  and,  entering  in  all  probability  into  relation  with  iheraos 
medial  bundles  of  the  lemniscus,  pass  with  the  lemniscus  medialis  by  wof 
the  tegmentum  to  terminate  in  the  nuclei  of  origin  of  the  motor  cerebral 
nerves.  On  the  contrary  von  Bechterew  believes  that  Flechsig's  Fv^ufhlfiff 
is  identical  with  his  (von  Bechterew*s)  zerstreuie  aceessoriache  B^Rdelf»J^ 
of  which  he  considers  to  be  centripetal,  part  centrifugal  (rieitnngshahnen.n 
Aufl.  (1889),  S.  284,  314,  319).  Schlesinger's  bundles  are  fonsidered  on  p*P 
237  of  von  Bechterew's  book  to  correspond  rather  to  the  mediaie  Sthhf* 
than  to  the  zerstreute  accessoriscke  Schleife, 
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In  man  Forera  Feld  Hj  is  in  contact  at  its  anterior  ex- 
tremity with  the  compact  ansa  lenticularis  {LiHsenkernsehlinge 
of  Flechsig),  which,  apparently  beginniug  (or  ending)  in  the 
nucleus  lentiformia,  circles  around  the  medio-ventral  border  oi 
the  basis  pedunculi  and,  in  connection  with  the  so-called  medial 
peduncle  of  the  thalamus,  radiates  into  the  most  anterior 
yentral  region  of  the  thalamus.  Von  Monakow  distinguishes 
in  the  ansa  lenticularis  three  principal  bundles :  (1)  A  dorsal 
bundle  which  goes  from  the  globus  pallidas  transversely 
through  the  peduncle  to  go  between  the  Oittemckichi  and  the 
nucleus  hypothalamicus.  This  bundle  corresponds  to  the  above- 
mentioned  hypothalamic  fibres  (ForeVs  Feld  Ift,  dorsal  white 
matter  of  the  nucleus  hypothalami cas).  In  man  the  fibres  are 
much  more  numerous  and  arranged  in  the  form  of  a  much 
more  compact  bundle  than  in  the  cat  (Tschermak).  (3)  A  mid- 
dle portion  running  medio-ventralward  from  the  fibres  of  (1). 
This  middle  portion  of  the  ansa  lenticularis  forms  the  lateral 
and  especially  the  ventral  white  matter  of  the  nucleus  hypo- 
thalamicus connecting  this  body  with  the  nucleus  lentiformis. 
(3)  The  ventral  part  of  the  ansa  lenticularis  runs  between  the 

< 
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V  Hr     itia  mUti  Via  nnif. 

S--^  cieut  on  moT  Ihalami  (a). 
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Captula  n  ema  {  t  X  halant 

Faicteti  ui   holnmo-maMmU- 

yacltui  r        o  u  Fid  nculu  tkalami  mrdialii. 
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Fio.  44*.— Fmnla  section  h  ugh  a  n  rm«  I 
part  of  thalaiDUH.  i  After  C.  von  Monaha 
iivii,  1895,  tkf.  iv.  Fig,  33.) 

pedunculus  cerebri  and  the  tractus  opticus  medialward  and 
sends  some  fibres  into  the  commissura  hypothalamica  media  of 
Meynert,  but  the  main  mass  of  its  fibres  form  the  so-called  ansa 
peduncularis  *  which  extends  to  the  most  anterior  ventral  part 
of  the  thalamus  of  the  same  side. 


*  Hinuehenkeltehlinge  of  Flechsig. 
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It  is  Yon  Monakow's  opinion  that  the  fibres  of  the  dorsal  part 
(ForeFs  Feld  H^)  unite  with  the  main  mass  of  the  ventral  part 
of  the  ansa  lenticularis,  and  that  accordingly  the  ansa  lentic- 
ularis  is  in  the  main  a  connecting  bundle  between  the  nucleoi 
lentiformis  and  the  anterior  ventral  parts  of  the  thalamus  (and 
also  the  tuber  cinereum),  some  of  the  fibres  being  interrupted 
in  the  nucleus  hypothalamicus.     Flechsig  has  come  to  the  con- 
clusion that  there  is  a  relatively  important   connection,  partlj 
direct  and  partly  indirect,  by  means  of  the  nucleas  hypotha- 
lamicus, between  the  nucleus  lentiformis    and  the  thalamas. 
This  is  brought  about,  however,  he  believes,  only  by  way  of  the 
middle  and  the  ventral   part  of  the   ansa  lenticularis.     The 
dorsal  part  of  the  ansa  lenticularis  {Feld  H^  of  Forel)  repre^ 
sents,  on  the  other  hand,  according  to  Flechsig,  the  continoa- 
tion  of  a  large  part  of  the  cerebellar  tegmental  (or  conjunctiral) 
radiation.     The  fibres  go  into  the  nucleus  lentiformis  and  thas, 
according  to  Flechsig,  represent  a  radiation  from  the  brachium 
conjunctivum  into  the  nucleus  lentiformis.*     Another  part  of 
this  radiation,  however,  goes  by  way  of  the  red  nucleus  through 
the  hilus  thalami  into  the  ventro-lateral  group  of  nuclei  of  the 
thalamus. 

We  may  now  consider  seriatim  those  bundles  of  centripetal 
fibres  which,  passing  into  or  through  the  cerebral  peduncle, 
may  be  concerned  in  the  forwarding  of  somassthetic  impulses. 
These*  are  (a)  the  lemniscus  or  fillet,  {h)  the  fasciculus  longi- 
tudinalis  medialis,  (c)  the  formatio  reticularis  alba,  and  (d)  cer- 
tain fibres  of  the  brachium  conjunctivum  and  radiations  of  the 
nucleus  ruber. 

(a)  The  Lemniscus  or  Fillet. 

The  term  lemniscus  laqueus,  or  fillet  (German  SchUiJt^ 
French  ruhan  de  Rail),  was  first  applied  to  that  triangular  area 
on  the  lateral  surface  of  the  isthmus  rhombencephali,  which 
separates  the  brachium  conjunctivum  from  the  surface  (Fig. 
445).  This  area,  now  called  the  trigonum  lemnisci,  corresponds 
to  what  is  now  known  as  the  lateral  lemniscus. 

With  the  progress  of  anatomical  knowledge  the  complexity 
of  the  nerve  paths  comprehended  in  the  term  lemniscus  ha? 
rapidly  grown  until  at  present  the  beginner  often  has  difficultj 
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in  understanding  the  meaning  of  the  variouB  names  applied  to 
the  different  portions,  especially  since,  unfortunately,  the  same 
term  has  been  used  by  different  authors  for  designating  entirely 


tgi  Pui 


Fia.  445. — Isthmus  rhombencepbali  nren  in  profllc  (Aft«r  J.  Ih^crino.  Amttomle 
den  centres  nerveiii,  t.  i.  I^ria.  1895,  p.  328,  Fig.  192. )  BII.  trarlOB  opticus ; 
BrQa,  bravhium  quadrigeminuni  Hup<'riu8;  BrQp.  bracbium  quadri- 
geminum  iDferiui ;  Cgr,  mrpug  goniculiitiiiii  latoraTe ;  (%i,  corpus  genir- 
ulatum  mediate ;  Chll.  Mtufna  upticum  ;  Cmt,  eurpus  reKtifunae :  Fta, 
'---'— '"a  iBteialis  of  medulla   oblougala;   fan,   Gbne   f '~      "' 


cunjunctivum  ;  Pu,  pons  Varolii :  Pid.  pulvinar ;  Fv.  pyrumia ;  Qa,  culliculus 
superior;  Qp,  collieulUH  inreiior;  BI.  trigoDum  lemDisri :  Rm,  lemniscus 
nK-dialiu  ;  'I.  sulcus  latrulis  ;  Th.  thiilaimiB  ;  7^,  tcenia  pontis ;  7)ir,  tivcliis 
prdutlcularis  tniUBVcrsua. 

different  paths.  The  two  principal  portions  of  the  lemniscus 
are  (1)  the  lemniscus  lateralis  or  lateral  fillet  (inferior  fillet, 
untere  ScMeife  ruhan  de  Reil  in/irieur),  and  (2)  the  lemniscus 
medialis  •  (including  the  main  portion  of  the  lemniscus,  f  the 


•  llauplechleife. 


f  IfaHpttheil  der  Schleifentehichl. 
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superior  fillet,  *  certain  scattered  bandies  of  the  medial  lemnii- 
ctu,  f  and,  finally,  the  medial  accessory  lenmiecos  })  (Fig.  4K). 


FlO.  MS. — Schennlic  reprpsentstion  of  the  conne  of  the  flbtcs  met  with  i>  Ike 
rcF^oii  uf  the  mpcrior  coHifuIub  of  the  corptin  quadiigviniiia.  (Altrt  W.  n 
Bechterew.  Die  L^ttunKHhahncn  im  (^rhirn  nnd  Burkenmarfc :  Dnwl 
voQ  R.  Weinberg.  II.  And.,  Lcipi..  ISm.  S.  aS7,  Pig.  334. '  rrr.  dr«i»» 
(CRinenli  v^ntralis  (Forelii;  irf.  diTumiBtici  t^gmrnd  dareilU  :Mrjii«Ii; 
<iK.  aqucductus  oorehri ;  frp.  ciiiDmitsutB  poetfrior  rerebri :  ep,  rorpe  pu'' 
bigcmiiiuip  (Ton  Bechlerew  >  \tt.  laliral  buniilc  of  hHsiB  pipdnnrali ;  j(.  ortiiJ 
bundle  uf  ba«s  pedunculj ;  fr.  faaciculua  rclrofleing  Mpfnerti  :  /r.  ivcrt- 
lUB  teemrnti  centTBlin  lenlro/e  //nubeii^aAiil ;  fp.  fosciculiui  lunplodiBlii 
mediatis;  {eg*,  gtntum  Hlbum  prufundum  (niedal1at«d  monee  lo  duial  At- 
cUK«lion  of  Meynert):  t,  lemniBCUH  mcdialis;  U.  fibre  bnndlr  f na  lb 
volliculuB  inferior  to  the  thalamus  :  Ip.  i:«ntrifagal  (motor)  fibres  KuiB;6« 
buHiti  pedUQculi  to  region  of  lemniH'ua.  probably  tcnninatinK  farthiT  E^^II"^ 
ward  in  the  nuclei  of  origin  of  the  mot^ir  cerebral  nerves  (Spitika'»  bBudli. 
mtdwit  ofttaiKynticitt  Schittff,  of  von  Beehterrw  ;  Bundfl  mm  /Vq  jvr.SrJJ/i/f  ^ 
the  GenoanHi;  lip,  scattered  bandira  of  the  lemnJecUB  izmlffiUr  fcUfl'' 
Unilel  of  Ton  Bechlerew  ;  FutarJiMfr  of  FleehHifc) ;  mi,  traetua  optinis:  » 
nucleus  lateialU  superior  of  Plechsig  ( ■wJrtw  niKMiiHaf  h>  of  von  Brehlrni 
nrf  III.  rtoFBal  part  of  nucleus  nerri  oeulomotorii ;  nn  ///,  medial  i»n  ■i 
nucleus  nervi  oeulomotorii ;  p,  tascieuli  pyramidnles  ;  pt^  Eucimlui  pr'l''"' 
eulomamniillaris  pare  haKilaria  (peituneulus  corporis  maDimillarii-):  ir.u 
cleua  ruber ;  m.  gubslantia  nigia  ;  III,  nervus  uculumoturiiu. 

•  Of^re  SehUife  or  nibandt  Reil  tupfrieur. 

t  Zrrslnule  aeetnaoritelie  BSndtIn  drr  Sekltifrnsehicht,  von  Bechtcm; 
FuMiehleife  of  Flechsig. 

t  Mediaia  oeetMoritehea  BOndtlder  Sehlei/e,  voD  Bechterew.  or  oootin- 
ation  of  the  BQndel  vam  Fu*«  zur  ScUeife. 
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Of  these  various  bundles  we  may  exclude  from  the  general 
centripetal  path  now  being  coneidered  (1)  the  lateral  lemniscus 
which  is,  in  the  main  at  least,  a  central  acoustic  centripetal 
path ;  (2)  probably  a  part,  at  least,  of  the  scattered  bundles ; 
and  also  (3)  the  medial  accessory  lemuiacus  which  becomes 
medullated  at  a  later  period  than  the  rest  of  the  lemniscus  and 
which,  after  solution  of  continuity,  degenerates  downward,  not 
upward,  and  is  therefore  to  be  regarded  as  a  centrifugal,  prob- 
ably a  motor  path,  and  not  as  a  centripetal  or  sensory  path  {vide 
Chapter  LXII).  The  old  view  of  Meynert  that  the  lemniscus 
passed  through  the  lateral  part  of  the  basis  pedunculi  was  dis- 
proved by  Flechsig,  who  showed  that  this  area  in  the  pes  rep- 
resented a  cerebro-cortico-frontal  path  which  has  nothing  to  do 
with  the  lemniscus. 

The  medial  lemniscus  is  made  Up  largely,  as  we  have  seen 
aboTG,  of  the  axones  of  neurones,  the  cell  bodies  of  which  are 
situated  in  the  nucleus  funiculi  gracilis  and  the  nucleus  funic- 
uli cuneati  (the  medial  part  of  the  latter,  according  to  von 
Monakow)  of  the  opposite  sid^  of  the  medulla  oblongata. 
These  medullated  axones  we  have  traced  aa  internal  arcuatd 


ItlUOIlL       T 


Fici.  447.— Trausvrrw  wi*lii>ii  throuKh  mpdalla  oblonicata  of  newborn  child  at 
Itvpl  of  dwoatwtio  lemnincorum.  iStriiit  ii,  wclion  No.  50.)  C.t.,  ninalis 
('Fntralis:  Ufc.L.  duciiwitio  It^inniHcoruni :  F.a,i.,  fibne  arcuatie  iolcniip ; 
Far.,  tlbne  arcuaUe  exlt-nw  ;  F.e..  fasciculus  cuucntus  Runinchi ;  F.c.  to 
F.r..  bundlcH  from  (asciculiui  cunestun  to  fiirnuitki  relicalarin  ;  F.rin.,  tascic- 
uluH  c('R))cUi«>inalii(  nr  din-ct  ctrri'bvllnr  tract;  F.g..  tnncimiluH  graciliH 
tttilli;  F.r.p.,  fuciriilUH  vi'DltaliapriipriuH;  .\n,«>ih..  nurleuH  ronimissuraliH: 
A'a/t.,  nurk-UB  fliniculi  iiini-Hli :  Sii.f.g..  nucleus  funiculi  KmciliB ;  />..  pvra- 
mis ;  T.n.n. I'..  tre<tus  spinalis  \".  triRcniiiii ;  S.o..  substantia  gi'latimwH  [Ko- 
laudi].     iWcigert-Bil  prcprtratii.n  liy  I>r.  John  Hcwctaun.) 

fibres,  which  undergo  decussation  in  the  raphe  (decussatio  lem- 
nisconun,  Fig.  447),  then  to  turn  forward  to  run  through  the 
stratum  interolivare  lemnisci  into  the  broad  fiat  band  situated 


THE  NERVOUS  SYSTEM. 


in  the  ventral  part  of  the  pars  dorBalis  pontia  (Fig.  448).    In  tk 
upper  part  of  the  pone  the  medial  lemciBcus  comeu  to  occnpji 


Fio.  us. — TranBTerae  section  throagh   iathmus   rhombcnrephali 

Uibc.  (Weigurt-Pal,  aeries  ii,  mvUod  No.  268.)  flr.dwj..  b™ciu»* - 
Junctivum ;   C.i.,  collicalus  inferior;   y.  nucleus  flcscrihed  bj  WolpW  i- 

iirolnblf  concemi^d  in  the  origin  of  the  N.  trocUlfari« ;  F.Lm..  t*** 
angitDdinaliB  medialis;  F.i^.,  fnsriculi  loDKitudiualcs  [pynniiiUlFiji  1^ 
lemniwUB  latenliH:  /..n.,  leiDiiiErUB  meduilis :  .V./C.  dvciuntiu  aa^"" 
trochlenrium ;  K.V.,  N.  tTigeminus;  Xu.U.,  HDfleus  lemntBci  b>«>^ 
Kn.r.l.j  nuc\evirvtieu\»tiategmcnti  ponthi;  ft.rf.K..  radix  dei<ffiidi'»!««» 
uephalica]  nervi  trigemiui,     (Preparation  by  I>r.  John  HeirPtsor.' 

more  lateral  position  {Fig.  449),  and  in  the  midbrain  clian|wili' 
direction  of  its  long  diameter  in  cross  section ;  where«  int'" 
pons  the  long  diameter  of  the  lemniscus  ia  transverse,  or  I»'*'^ 
medial  in  direction,  in  the  midbrain  it  is  almost  vertical  or  dw* 
ventral.  The  transition  from  the  one  form  to  the  other  ttl" 
place  by  means  of  a  gradual  curve,  very  well  shown  by  a  reo* 
atruction  made  by  Mias  ^^o^ence  Sabin.  It  is  to  be  espw''^ 
emphasized  that  the  terma  medial  lemniscus  and  lBtenII<* 
niacna  hold  for  only  a  part  of  the  course  of  these  two  bonJl'^ 
for  while  in  the  pons  it  is  true  that  the  lateral  lerani*"^" 
situated  nearer  the  surface  of  the  metencephuloii  than  is* 
medial  lemniscus,  still  in  the   isthmus   the  latt^Tnl  lumiu)^ 
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<D  thruugh  the  medalta  pons,  and  midbntm  of »  new- 
t*ni  habt  Weigi-rt-PsI  stominK  LPvel  of  doreal  part  of  cotjiufl  trapezoi- 
Lsam  and  d  inwl  piirtion  of  DudeuH  ulivans  lufenuT  fSenei  iii  sectioD  No. 
Sa  )  Cl  lorpuatrapczuidiupi  Dec  Br  Ottu  detu»«tlo  lirathu  conjuniitivi ; 
*^K  BtchI  <.(  mioitHUro  bi  twHsii  Bechterew  n  auclii  lie  n  r  donal  capsule 
"  nu(1(usrub(.r  Fat  fibrsi  arcuube  inU  nue  Fafc  rttmf  fascicnliu  retro- 
E~ius  Meynerti  Flm  IWituliu  linigitudiiutlia  ucdialia  Ftp.,  bundle 
Bxitinuuug  with  the  ftuK-iLUlus  iBl^rsliB  propnus  uf  the  lord  Flp  'di,  diin«l 
->  Ttioii  of  bundU  (ontinauua  it  itli  bBci(.a1ui>  I  itenilu  proprius  of  the  cord  ; 
.  d     leDiniKUH  lHt4.ra1is     L  n.    lemnimUB  tncKltalis     A  IH    nidii  N.  orulo- 

■  itimi  ^  Voi  J  m  tor  root  of  N  tngeniinua  A  I'  Bpnimty  root  of  N. 
's  tsiniiniu  ^  (/  nu1<i  N  ubduuntln  A  HI  radii  h  facinlia,  iiata  »e- 
■  nda    \  TttI    rudix  N  M-stihuli    A  \i    radix  ^  a^'ewoiii     \  V//.,  tadii 

~  hfiiogloHKi  \h  Fi  n  nutleUH  GuLicnll  loDgitudinnlia  mc^lialia.  or  nii- 
«->ug  iiimnii-aiinp  pu»t«nonii  tobfrer  fknlomoUiriiakerH  of  DarkuLhewitschl : 


tiuclruri 


tiirii     "moil     nndeiia  olivariH  superior 
itnilia      Naoi     nucleus  oil  vans  inferior     A'u.o.a.m., 
laliii     Trfrnu  D   tract  from  Deiteia' nucleus 

Prepnnition  b;  Dr  JobnUemtaon  I 
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pusses  medialward  and  dorsalward,  in  order  to  merge  i 
inferior  eolliciilus  of  the  corpora  quadrigemina.  At  thi 
time  a  large  portion  of  the  medial  lemniscus  passes  latei 


Fio-  4110.— Saj^ttal  wci 

aim   leniitulariii ;  .       _„ 

I  uyramidalui  I ;  L.«,.  iL-mnisi-iin  medialis  tenninacing  in  Trntnl  p 
thAlamuB:  Th.,  thalaimig;  r.u..  trartiu  oiiticus ;  /.  galslutn  aipj 
nnclcug  hypiiUuilitiuiuuB  (.corpuii  Ijijai ) ;  d.  cmtre  mfdim  nf  Ijijf  :  i  *" 
ureuatus  (tekalruformigrr  Korprr  of  Flcohgifi  and  von  Tschijrhl:  ^-^ 
Icntifonnlii :  S.  corpus  geniculstnm  mi^iale  and  beneath  it  the  lbi»  « 
brachium  quadriEeniimim  inferiun. 

and  dorsalward  toward  the  superior  colliculus  of  the  a>f|' 
quadrigemina,  and  accordingly  comes  to  occupy  a  position  »1 
lateral  as  the  lateral  lemniscus.  This  portion  of  the  ms^^ 
nisens  running  toward  the  superior  colliculus,  and  partir«>i^ 
in  its  gray  matter,  is  known  as  the  superior  lemniscnEortii'' 
{obere  Schleife  of  Forel,  ruban  de  Re'il  sitperteur).  The ■" 
portion  of  the  lemniscus  runs  forward  and  somevbal  ^ 
ward,  being  bounded  ventro-laterally  by  the  eubstanli*  li' 
and  dorso-medially  by  the  red  nucleus  and  the  »bit*''*' 
which  pass  from  its  lateral  surface  into  the  hypotlal''* 
region.  The  ventral  portion  of  the  superior  fillet  w»* 
however,  for  a  considerable  distance  in  direct  conUct*''** 
dorsal  border  of  the  main  portion  of  the  medial  lin^^ 

•While  this  is  the  liescription  usiinlly  giren  of  the  »B(*rinr  !(•»*»' 
must  be  pointed  out  that  von  Bechterew  in  his  Iieitiin^babiiHilt!^'' 
states  thflt   the  obrre   ScAlei/f  of  Forel  ariaea   from  the  nw!'"'"' 
inferioris,  and  passea  benenth  the  colliculus  superior  t«  beeow  ^^ ' 
posterior  part  of  the  thalamus. 
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Above  the  decussation  of  the  braehium  conjunct! vum,  however, 
in  the  hypothalamic  region  a  certain  amount  of  gray  matter  is 
intercalated  between  the  upward  continuation  of  the  superior  lem- 
niscus and  the  upward  continuation  of  the  main  portion  of  the 
lemniscus,  so  that  in  coronal  sections  through  the  hypothalamic 
region  one  sees  two  separate  and  distinct  bundles,  that  more  dor- 
sally  and  laterally  placed  corresponding  to  the  superior  lemniscus, 
while  the  larger  one  more  ventrally  and  medially  placed  cor- 
responds to  the  main  portion  of  the  lemniscus.     This  separa- 
tion into  two  distinct  bundles  in  the  lower  hypothalamic  re- 
gion, however,  is  not  to  be  made  out  in  frontal  planes  a  little 
■farther  forward.     In  these  planes  the  fibres  of  the  superior 
lemniscus  become  inextricably  mixed  with  those  of  the  main 
'  portion  of  the  lemniscus,  and  for  some  little  distance  farther 
forward  any  attempt  to  separate  the  fibres  belonging  to  the  two 
bundles  by  purely  anatomical  means  is  entirely  impossible. 
The  mixed  bundles  turn  somewhat  lateralward  and  dorsalward, 
and,  breaking  up  into  small  fasciculi,  become  lost  in  the  gray 
matter  of  the  ventro-lateral  portions  of  the  thalamus  (a^^cording 
to  von  Monakow,  in  the  caudal  portions  of  his  ventral  group  of 


Fig.  451. — Sagittal  section  through  portion  of  cerehrum  of  child  shortly  after 
birth  (s(!ction  108).  A.L,  an.sa  lenticularis;  C.L,  capsula  interna;  F.Pi/., 
fasciculi  pyramidales  in  Imsia  pedum-uli:  /..m.,  lemni.scus  uiedialis  termi- 
nating in  ventral  nuclei  of  thalamus:  77^.. .thalamus:  T.o.,  tmctus  opticus: 
I,  substantia  nigra;  H,  nucleus  hypothalamicus  (corpus  Luysi);  5,  nucleus 
lentiformift. 

nuclei  in  the  thalamus).  In  Figs.  450,  451  is  shown  a  sagittal 
section  of  the  brain  of  a  babe  shortly  after  birth,  illustrating 
the  relations  here  under  discussion. 
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!;>r  ,iir«JiJi«*rrM^  iittitt  aA^  liar  imriiiiHcni:  ta^  ^to^  Tna&iiiBBBL      (Qk 

'.•fidj^rviA/^f^rMlt  iv  vru^  ^*  ibsimjEmat  sl  tw*   huh  n  ■■■  Tsagf^ 

t;«.%t<t  ii«»tr.vfr  iif  '  Xii*:  itt^iiLa.  jsb^^  i(ffty»Hv  _zs^  ^iite  •odbt  nfisp  r 

:'.ii<:  luitltJnut^  iBitii  fiiajL;  nacnj  td  Tiwn  -xsonmHa^  it.  ^  rf 

MHU«*5«i^^«>rj>ii4hLji«;  ti'^^Dir^iiivc.  i^nliK-^rnE^piitiiiJiiisiisif  uramHLfl^ 

?  <i*»: ; .  r.*:,  J  t  li^t^miib  t*.'  ■;>*•  Lm*!.  lAVWi^vis.  Tiaic  "Lb*  ms^nmr  iff  am& 
yntki^iu^  fr^Mt  t'ij*  juu-vu*?]  of  til*  Cior»l  fmntTiii  3l  lie  jwirlii^?' 

I'^j^  l»^tt;/jiv;ri«  f^afc^ri;  tii^  T»=a:.':r^^jiE:«r*I  crrasj»  of  iiBcaa  ii  ^ 
U,jnht4sj*j*.  ^Milm^  Ufnii' TMibsZ-    Ix  rrsa^r^erse  mod  hanams^^- 

r//ji(Mb««^  ///  £t/f«sii$  of  the  lemniiiC'Qs  vMc-i  waiter  into  T^^timiii 
ih^,  nti^fieUi$tih^  ui^/m.  Tlie  iii€^b<:«d  does  noc  pennh  ci»i«a;^ 
wU^dUiff  ifi«;^^  fibres  aiecend  in  the  lemniscus  to  tenahiMii^ 
IUm  nu\fniii$tii$i  rjjgrm,  or  arise  in  the  sahstantim  nigra,  ud^ 
iu^'ImI  ill  itM5  IiffriniiMnLs,  tfaoogfa,  a  priori^  the  fonno*  of  tbes^ 
ifr//  |MfMif;itiiiiffi  mt*fmB  the  more  probable.  The  bundles  fi?^ 
difflnM^<  (KiK«('  4r>2  and  453)  that  3iifi8  Sabin  has  beenaUei*' 
Uttrtt*iut'M  iUtmi  tttimly  into  her  reconstruction  of  this  r^ion. 

Ill  mUliiUtn  to  axones  of  different  lengths  arising  fromtk 
vaAI  UtM^n  «iiiiiiti>(l  in  the  nuclei  of  the  dorsal  funiculi  oitht 
uwiUilUi^  UiiTct  iiro  contained  in  the  lemniscus  axones  of  ot^ 
rorum  ihf)  rM  bodies  of  which  are  situated  in  irarioos  f^ 
rnaMm^N  till  ilm  way  from  the  medulla  oblongata  to  the  thalm^ 
ThuM,  by  (iol^I'M  mt^thod  and  by  the  method  of  secondair  ^ 
goiioriitioti  it  hiiN  biHm  shown  that  many  of  the  axones  of  tli« 
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lemniscus  arise  in  the  gray  matter  of  the  formatio  reticularis  of 
the  medulla  oblongata  and  of  the  tegmental  region  of  the  pone. 
Further,  the  nuclei  of  reception  of  the  sensory  cerebral  nerves 
doubtless  contain  cells  which  contribute  axouea  (eenaory  neu- 
rones of  the  second  order)  to  the  medial  lemniscus,  and  finally 
from  the  gray  matter  of  the  midbrain  and  hypothalamic  region 


Fio.  *S2.— TranHverse  section  tbTonfih  mesrncepbaloD  of  npwbnm  babe.  I*vtl 
■>f  (wllicnll  Mipcriur»i  of  corponi  quadriiti-iuiuii.  (WciKtrt'Pal.  ncricn  ji.  Biv- 
tiun  Ni>.  33S.)  ^}.crr..  oqueducIUB  n'n-bri:  A-f.^r.tW..  dii-usstiu  brailiii 
(iinjnnctivi :  /).(..  dti-usRatio  fa-gnicnli  vcntraliii  (mitrale  HaitimkrrutHHg  ut 
Fori-I ) :  F.I.M.,  fuscicuUis  InnKitudJoalis  mtMlialiB :  F.Py.,  faM'icuU  pycamidalcs 
in  the  pambaxilariH  pontM:  L.iii..  IpDinixcus  medialiit;  A./l'..  N.  tnichleariK  ; 
Xh.I.m,,  nudi'iiB  iHhTsliH  wiperiur  at  Flfi-hsiR ;  .V«.ii./r.,  nnclpun  N.  iroeh- 
Irarin;  >*.n/6.p.,  Rlmtum  album  ptofiinduiu;  fV.gr.r.,  straluiD  Rrutenm  ten- 
tnile;  f.n.,  suhBlantiit  nigru.    iPrL-puratiua  by  Dr.  Ji)hn  Ufwetitun, ) 

it  seems  probable  that  axones  pass  through  the  lemniscus  to 
the  region  of  the  thalamus.  The  medial  temniHcua  is,  there- 
fore, a  very  complex  tract,  consisting  of  fibres  of  diflerent 
length,  of  different  origin,  and  of  diflerent  termination.  It  is 
thus  not  dissimilar  in  constitution  from  many  other  tracts 
which  have  been  well  studied— for  example,  certain  fasciculi  of 
the  cord,  the  fasciculus  longitudinal  is  medialis  of  the  rhomb- 
encephalon, and  the  like. 

There  has  been  for  a  long  time  much  dispute  as  to  tlie  rela- 
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Flo.  453  — Huniuiiitttl  brrtion  tbTaagb  tlie  mrllnllB  pons,  and  miitbnii 
bom  babe  Ia\pI  nf  vtrntum  InUivliviin  kmniMi  curpuntnimwr 
nutleua  ruber  WiiKiTt  Pul  HtainiUK  (Series  ui  *i«IioqNuW  ' 
pus  trnpizuideDtn  lire  Br  Con}  dcciutatlu  bnuhii  Lunjunrtin  '" 
aabotegmciitiMiitiHhHdrntral  tegmental  dccusMliini'ifFonJ  '<'- 
fibnearcUBbFiutemn  (doiiiigatii)  kianixcDrunil  Fl  fibrescnni"*' 
the  hmicnluB  lateralis  of  the  aptnal  roni  Fl  m  fiMirnlK  nf°* 
tncdialiB  Fr  V  Aisciculas  rFtnifltiUR  Mrvnirb  Lm  ]<iiiiiMW°' 
Nlll  nuhx  V  oruloiuotorii  \  VoT  I  motor  n«l  uf  h  ">'< 
A  1^™  I  tunHorr  root  uf  N  tngemiiiiis  %  I  111  (™*  via  \!J 
A  mi  Irent  mai^N  Tcstiliull  \  II  radix  \  atntacrnlw  ) '^ 
N  fitcialiB.  pun  sviiiiiiIh  \  \II  mdix  \  hTpoRbim  ^iiM*-' 
fiiBciculi  loDiritiidiDaliK  uiLdiiilk,  or  nucliiu  mmniiwune  F"*"*" 
OcuUtmoloriiiKifrii  of  DarkHlicwitMli)  ^ll  m  III  iiiiiliii»  >  •'*r' 
AMOnM  nuUiusulivnHHnni-wondt  iDMlialu  %nB<  iiik^''<^JT 
f)>nor  \uoi  nudciis  uhvsriM  rapiTlor  %«  ruitr  omim'^ 
stratum  iotemllvun  iciuiiisci  <in  nulistaiitiii  uigis.  I'ln*'*''^ 
John  Hcwi'tioD. ) 
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tions  of  the  medial  lemniscus  to  the  cerebral  cortex.  Two 
main  yiews  may  be  said  to  have  been  dominant.  According  to 
the  one,  formerly  championed  in  the  main  by  Flechsig  and 
Hoesel,  a  large  majority  of  the  axones  making  up  the  lemnis- 
cus in  its  course  through  the  rhombencephalon  pass  without 
interruption  through  the  internal  capsule  and  out  through  the 
corona  radiata  to  the  cerebral  cortex.  According  to  the  other 
view,  supported  by  Mahaim,  von  Monakow,  and  others,  very 
few,  if  any,  of  the  fibres  of  the  lemniscus  pass  directly  without 
interruption  to  the  cerebral  cortex.  According  to  the  latter 
observers,  the  majority,  if  not  all,  of  the  fibres  of  the  lemniscus 
terminate  in  the  interbrain,  chiefly  in  the  optic  thalamus,  the 
connection  with  the  cerebral  cortex  being  made  by  means 
of  neurones  of  a  higher  order.  Inasmuch  as  an  accurate 
knowledge  of  the  exact  relations  existing  here  is  of  fundamen- 
tal importance,  it  seems  desirable  to  consider  briefly  the  history 
of  these  two  views  (Fig.  454)  and  the  evidence  thus  far  brought 
forward  in  favor  of  each.  » 

Before  entering  into  this  discussion,  however,  it  will  be  well 
to  clear  the  way  by  defining  the  term  "cortical  lemniscus" 
{Bindenschleife  of  the  Germans,  ruhan  de  Reil  cortical  of  the 
Belgians  and  French).  This  term  was  introduced  by  von 
Monakow  in  1884  as  the  result  of  experiments  made  by  von 
Gudden  and  himself.  Von  Gudden  *  showed  that  removal  of 
the  cerebral  hemisphere  in  the  rabbit  by  his  method  was  fol- 
lowed by  atrophy  of  the  lemniscus  \  as  far  down  as  the  corpus 
trapezoideum.  Von  Monakow  \  found  that  removal  of  a  por- 
tion of  the  parietal  lobe  in  the  cat,  corresponding  to  the  "  zone 
F  "  of  Munk,  led  to  marked  atrophy  of  the  lemniscus,  which 
extended  not  only  as  far  as  the  corpus  trapezoideum,  but  also 
through  the  interolivary  layer  and  internal  arcuate  fibres  of  the 
opposite  side  to  the  nuclei  of  the  dorsal  funiculi  in  the  medulla 
oblongata.  He  could  make  out,  after  a  long  time,  not  only 
atrophy  of  the  fibres  of  the  lemniscus,  but  also  degeneration  of 

*  von  Gudden,  B.  Beitrag  zur  kenntniss  des  Corpus  mammillare  und 
*\er  sogenannten  Schenkel  des  Fornix.  Arch.  f.  Psychiat.  u.  Nenrenkr., 
Berl.,  Bd.  xi  (1881).  S.  428-452. 

t  Reichert*s  Schleife. 

%  von  Monakow,  C.  Experi  men  telle  Beitrftge  zur  Kenntniss  der  Pyra- 
miden-  und  Schleifenbahn.  Cor.-Bl.  f.  schweiz.  Aerzte,  Basel,  Bd.  xiv  (1884), 
S.  129;  157. 
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TlO,  454.— Two  fKbemea  illoKtiatiiig  the  two  DHun  views  ooooeniiik^  the 

and  interrupCiofli  of  the  genenU  sensory  path  <  lemnisciis  medialis «.  After  i. 
van  (k;hoic;hten.  Anatomie  da  sjsteme  nervenx  de  rhomme.  I4MIT.,  1917.  ^ 
782,  Fiipc  544,  545,  i  A.  Hcheme  iUustaUiiig  the  view  that  the  lemnisrw  imi 
out  direrrtly  to  the  cortex  withoat  intermption  in  the  th^l*w>n^  B»  sebd* 
illnstrating  the  view  that  the  lemniaciis  is  eoniiected  with  the  cortex  iatf 
rectly,  being  interrnpted  in  the  thalamns. 

on  removal  of  the  cortex  the  term  "  cortical  lemniscus  ^  ( Rind^ 
schleife).  The  term  Rindenschleife  has  been  used  in  a  Ten 
different  sense  by  other  investigators,  but  it  seems  better  to 
limit  its  nse  to  the  significance  attached  to  it  by  von  Monakov. 
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A  little  earlier  Spitzka*  had  described  a  case  in  which, 
following  hasmorrhage  in  the  region  of  the  lemniscus  inside  the 
pons,  there  had  resulted  degeneration  of  the  fibraB  arcuatae  in- 
temae  and  of  the  nuclei  of  the  dorsal  funiculi  on  the  opposite 
side  of  the  medulla  oblongata. 

The  view  of  Flechsig  f  and  Hoesel  and  those  who  adhere  to 
the  same  opinion  dates  from  Flechsig's  study  of  myelinization 
in  1881,  but  is  based  mainly  upon  the  study  of  a  case  by  Hoesel 
in  Flechsig's  laboratory.  J  In  this  case,  following  an  old  defect 
(porencephaly)  of  the  left  cerebral  hemisphere  involving  prin- 
cipally the  posterior  central  gjrrus,  there  had  resulted  secondary 
disease  of  the  main  portion  of  the  medial  lemniscus,  which  ex- 
tended all  the  way  to  the  nuclei  of  the  dorsal  funiculi  in  the 
medulla.  Hoesel  concluded  that  nine  tenths  of  this  portion 
of  the  lemniscus  was  ''  cortical  lemniscus,"  and  that  not  only 
was  this  true,  but  that  the  fibres  passed  directly  all  the  way 
from  the  medulla,  through  the  pons,  midbrain,  and  tegmen- 
tum, to  enter  the  internal  capsule  and  to  pass  through  it 
and  the  corona  radiata  without  interruption  anywhere  to  the 
cortex  of  the  posterior  central  gyms.  If  this  view  were  correct, 
two  neurones  would  suffice  for  the  conduction  of  sensory  im- 
pulses from  the  surface  of  the  body  to  the  cerebral  cortex,  one 
corresponding  to  the  spinal  ganglion  cell,  the  other  bulbo- 
cortical  (that  is,  myelencephalo-pallial). 

Forcible  objections  to  the  doctrine  of  Flechsig  and  Hoesel 
was  offered  in  1895  by  Mahaim.^    This  investigator,  working  in 


*  Cf.  Spitzka,  E.  C.  A  Contribution  to  the  Morbid  Anatomy  and  Symp- 
tomatology of  Pons  Lesions.  Am.  J.  NeuroL  and  Psychiat.,  N.  Y.,  toL  ii 
(1888),  pp.  617-661. 

f  Flechsig,  P.  Zur  Anatomie  und  Entwickelungsgeschichte  der  Lei- 
tungsbahnen  im  Grosshim  des  Menschen.  Arch.  f.  Anat.  u.  Physio].,  Anat. 
Abth.,  Leipz.  (1881),  S.  1^-75. 

X  Flechsig,  P.,  und  O.  Hoesel.  Die  Centralwindungen,  ein  Centralorgan 
der  Hinterstr&nge.  Neurol.  Oentralbl,  Leipz.,  Bd.  ix  (1890),  S.  417-419.— 
Hoesel,  O.  Die  Centralwindungen  ein  Centralorgan  der  HinterstrSnge  und 
des  Trigeminus.  Aroh.  f.  Psychiat,  Berl.,  Bd.  xxiv  (1892),  S.  45:^490.— 
Ein  weiterer  Beitrag  zur  Lehre  Tom  Verlauf  der  Rindenschleife  und  cen- 
traler  IVigeminusfasem  beim  Menschen.  Arch.  f.  Psychiat.,  BerL,  Bd.  xxy 
(1898),  S.  1-17. 

*  Mahaim,  A.  Ein  Fall  von  secundSrer  Erkranknng  des  Thalamus  opti- 
cus und  d<^r  Regio  subthalamica.  Arch.  f.  Psychiat.  u.  Nervenkr.,  Berl., 
Bd.  XXY  (1893),  S.  848. 
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von  Monakow's  laboratory,  studied  most  carefully  a  case  of  pri- 
mary defect  of  the  cerebral  hemisphere  which  involyed  the 
white  matter  of  both  central  gyri.     The  lemniscus  was  second- 
arily diseased.     The  change  in  the  lemniscus,  however,  was  not 
that  of  typical  secondary  degeneration,  but  rather  of  simple 
atrophy  (diminution  of  the  calibre  of  the    individual  fibres). 
The  whole  internal  capsule  was,  however,  transformed  intocxMo- 
pletely  degenerated  tissue.    Mahaim,  then,  having  found  tlut 
the  fibres  of  the  lemniscus  ended  free  in  the  degenerated  tissue, 
argued  that  it  was  improbable  that  the  same  set  of  medulktad 
fibres  should  in  one  part  of  their  course  (in  the  lemniscus)  show 
simple  atrophy  and  in  another  part  (internal  capsule)  trpicil 
secondary  degeneration.     He  came,  therefore,  to  the  conclosHHi 
that  the  fibres  of  the  lemniscus  do  not  pass  directly  out  to  tk 
cortex,  but  that  they  are  interrupted  in  the  region  of  the  tlub- 
mus,  thus  confirming  a  view  previously  arrived  at  by  von  Mob*- 
kow.     Mahaim  does  not  deny  absolutely  the  existence  of  asj 
direct  fibres  from  the  lemniscus  to  the  cerebral  cortex,  bat  as- 
serts that  if  such  fibres  exist  they  can  be  but  few  in  number.^ 
A  very  important  contribution  to  our  knowledge  of  this 
whole  subject  has  been  made  by  von  Monakow  f  in  an  article  in 
which  he  sums  up  all  of  his  wide  experience  with  secondary  d^ 
generations  in  human  beings,  and  compares  the  results  of  ihm 
with  those  of  the  experiments  which  he  has  made  upon  ani- 
mals.    These  are  so  important  that  they  must  be  briefly  re- 
viewed here.    Von  Monakow  finds  that  when  the  whole  ce^^ 
bral  hemisphere  of  the  cat  or  dog  is  extirpated  without  injnrr 
to  the  thalamus,  the  lemniscus  undergoes  a  reduction  in  toIuiu' 
of  as  much  as  one  third,  a  reduction  which  is  due  not  to  tctoal 
degeneration  of  its  constituent  fibres,  but  to  simple  atrophjl 

♦  The  doctrine  advanced  by  Flechsig  and  von  Bochterew,  of  a  ptrtJdf* 
tion  of  fibres  of  the  lemniscus  in  the  formation  of  the  ansa  lenticoUris.tbB' 
connecting  with  Luys*  body  and  the  lenticular  nucleus  of  the  same  skkf 
strongly  opposed  by  von  Monakow  and  Mahaim  on  the  ground  that  tk<^ 
dence  from  the  study  of  secondary  degenerations  negatives  it. 

f  von  Monakow,  C.  Experimentelle  und  pathologisch-anatoroisdsf  ^^ 
tcrsuchungen  ueber  die  Haubcn region  den  SehhUgel  und  die  Regie  ss^ 
thalamiea,  nebst  Beitrftgen  zur  Kenntniss  frtlh  erworbener  Gross- ood  Kl«» 
himdefecte.   Arch.  f.  Psychiat.  u.  Nervenkr.,  Berl.,  Bd.  xxvii  (1895).  S.1 

X  von  Monakow  does  not  absolutely  exclude  the  total  absorption  of  sof' 
fibres,  but  maintains  that  if  actual  secondary  degeneration  occon  »X^^ 
is  minimal  in  amount. 
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The  amount  of  change  in  the  lemniscns  after  removal  of  the 
hemisphere  decreases,  pari  passUy  as  one  examines  frontal  sec- 
tions successively  from  the  upper  to  the  lower  parts  of  the 
lemniscus.  Even  in  cases  in  which  after  cortical  disease  there 
is  complete  secondary  degeneration  of  the  internal  capsule,  the 
area  occupied  by  the  lemniscus  in  the  hypothalamic  region  just 
ventral  and  lateral  to  the  lateral  portion  of  the  white  matter 
forming  the  capsule  of  the  red  nucleus  shows  no  degeneration, 
but  simple  atrophy. 

If  the  lemniscus  be  cut  through  in  the  region  of  the  pons 
in  the  dog  or  in  the  cat  at  birth,  very  intense  secondary  degen- 
eration in  an  ascending  direction  results,  but  the  degenerated 
fibres  do  not  extend  as  far  upward  as  the  internal  capsule,  nor 
do  any  of  them  enter  the  white  matter  of  the  hemisphere  (von 
Monakow).  The  degenerated  fibres  can  be  followed,  however, 
to  the  thalamus,  and  a  distinct  loss  of  fine  fibres  in  the  ground 
substance  in  the  ventral  nuclei  of  the  thalamus  can  be  made 
out.  Von  Monakow  states  that  a  degeneration  of  the  lemniscus 
in  an  ascending  direction  has  thus  far  not  been  certainly  followed 
!  beyond  the  region  of  the  ventral  group  of  nuclei  in  the  thala- 
i  mus.*  Mott's  experiments  in  this  connection  are  especially  con- 
»  vincing.  In  five  cases  of  excision  of  the  nuclei  funiculi  gracilis 
at  cuneati  in  monkeys  he  could  follow  the  degeneration  as  far 
Upward  as  the  hypothalamic  region,  but  no  farther. 

I  must  agree,  therefore,  with  Mahaim  and  von  Monakow, 
bhat,  in  the  main  path  at  any  rate^  between  the  nuclei  of  the 
iorsal  funiculi  of  the  medulla  oblongata  and  the  cerebral  cortex 
It  least  two  neurones  are  superimposed,  the  first  with  a  cell 
^ody  situated  in  the  nucleus  funiculi  gracilis  or  in  the  nucleus 
^niculi  cuneati,  its  axone  extending  cerebralward  as  far  as 
lie  ventral  portion  of  the  thalamus  {Systema  leniniscale  mye- 
^ncephal(Hliencep?ialicum)^BJid  the  second  with  a  cell  bodysitu- 
.^ted  in  the  ventral  region  of  the  thalamus,  its  axone  passing 
lirough  the  internal  capsule  and  corona  radiata  to  the  cortex 
^Systema  tieuroniatim  diencephalo-pallialum).  The  medullated 
:xones  from  the  cell  bodies  in  the  thalamus  in  the  region  in 
i'^hich  the  lemniscus  terminates,  at  least  those  which  run  out  to 
Ine  region  of  the  central  gyri,  occupy  that  portion  of  the  in- 


*  Since  this  statement  was  made  the  research  of  Tschermak  has  been 
iblished,  vidt  infra. 
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temal  capsule  which  corresponds  in  frontal    sections  to  th» 
first  caudal  planes  of  Luys'  body  (von  Monakow). 

Tschermak  *  has  recently  restudied  the  original  brain  de- 
scribed by  Flechsig  and  Hoesel.    The  defect,  which  had  laited 
for  fifty  years,  involved  the  gyms  centralis  posterior  down  u 
far  as  the  island  and  that  part  of  the  lobnlns  paracentnbt 
which  lies  between  the  paracentral  sulcus  and  the  fisson  eoi- 
lateralis.    It  extended  also  into  the  gyrus  centralis  anterior 
and  the  lobulus  parietalis  superior,  but    involved  the  white 
matter  of  these  gyri  only  slightly  in  their  upper  portjonif 
Following  upon  the  destruction  of  the  cortex  there  was  diajK 
pearance  of  the  corresponding  portions  of  the  corona  radiiti, 
and  farther  down   disappearance  also   of   some   of  the  fibre 
bundles  which  partly  run  over  the  dorsal  comer  of  the  pat*- 
men,  partly  cut  through  the  *'  ridge  region  "  of  this  nuss  d 
gray  matter,  dividing  it  up  into  wedge-shaped  areas.    !No  altm- 
tion  could  be  found  in  the  substantia  grisea  of  the  nacl«i3 
lentiformis,  or  of  the  nucleus  caudatus.     At  the  level  of  tin 
ridge  of  the  putamen  (in  its  caudal  part)  the  degenerated  ara 
divides  into  two  portions,  which  assume  the  form  of  huA 
One  of  these  passes  through  the  capsula  interna  in  a  transreiv 
direction,  breaks  through  the  zona  reticularis  {ThalamuuMi 
or  Oitterschicht)^  and  extends  into  the  ventral  half  of  thenB- 
cleus  lateralis  thalami.     The  other  band  of  degeneration  ssb 
ventral  from  the  former  to  pass  along  the  dorsal  surface  of  tk 
nucleus  lentiformis ;  by  way  of  the  capsula  interna  the  litiff 
band  passes  into  the  basis  pedunculi  (Fig.  455).     While  in  ^ 
upper  part  these  diverging  bands  of  the  degenerated  area  botk 
pass  through  the  pars  occipitalis  capsulse  intemae,  they  do  w^ 
however,  extend  between  the  same  frontal  planes,  but  the  W 
descending  into  the  basis  pedunculi  comes  to  lie  fronUlni^ 
from  that  passing  transversely  into  the  thalamus.    In  the  hi^ 
pedunculi  the  former  band  is  no  longer  recognizable  as  t^ 
tinctly  separate  area,  but  the  loss  of  fibres  is  manifest  ini^ 
fuse  reduction  of  the  total  mass  of  the  basis  pedoncoli  I^ 
connection  with  this  the  fasciculi  longitudinales  [pynunidik<i 

♦  Tschermak,  A.  Ueber  den  centralen  Verlauf  der  aufsteigendes  B*' 
terstrangbahnen  und  deren  Beziehungen  zu  den  Bahnen  im  Vofdenn^ 
Strang.    Arch.  f.  Anat.  u.  Physiol.,  Anat  Abth.,  Leipz.  (1898).  S.  2J!4tt 

t  Ton  Monakow,  in  his  criticism,  had  assumed  that  a  mach  Urgira0i'^ 
of  the  white  matter  of  the  lobus  parietalis  had  been  mToWed. 
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of  the  same  side  are  reduced  in  size  ae  far  down  aa  the  decus- 
aatio  pyramidum.  Tachermak  states  that  from  the  level  of  the 
decussation  downward  into  the  spinal  cord  the  fasciculus  cere- 
bro-spinalis  ventralis  is  absent  on  the  side  of  the  lesion,  while 
the  contra-lateral  fasciculus  cerebro-spinalis  lateralis  is  only  one 
fourth  its  normal  size. 

The  atrophic  process  in  the  thalamus,  as  studied  by  Tscher- 
mak,  is  of  especial  interest  in  connection  with  the  discussion 
above  referred  to     Hoesel  m  his  first  communication  had  ex- 


FlO.  455. —Scheme  of  the  bands  of  tlCKeaeiBCion  In  the  cuse  of  Hoewl  and  Flecli- 
BiK,  constructed  on  the  bawa  of  a  section  inclined  fnim  above  and  Tiirward  in 
s  direction  downward  and  backward  through  a  normal  human  btain.  <Afler 
A.  TKhermak,  Arch.  f.  Anat.  u.  Pbysiol.,  Anat.  Alitb.,  Leipz..  1S9S,  S.  &12, 
Fig,  1.J 

pressed  the  opinion  that  the  atrophied  fibres  simply  passed 
through  the  thalamus  into  the  region  of  the  tegmental  radia- 
tions of  the  red  nucleus,  and  farther  on  into  the  curved  area  of 
the  lemniscus  medialis  as  well  as  into  the  contra-lateral  brachium 
coQJunctivum.  He  noticed  that  the  nuclei  in  the  thalamus 
were  diminished  in  size,  but  believed  that  this  was  due  essen- 
tially to  loss  of  meduUated  fibres,  the  cells  remaining  unaltered. 
Tn  a  later  report  (1893)  he  admitted  a  moderate  loss  of  nerve 
■cells  in  the  thalamus.     Still  later,  Flechsig  *  described  total  loss 

*  Flechsig,  P.     Die  Localization  der  geiatigen  YorgSnge,  etc.     Leipz. 
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of  the  nerve  cells  in  the  nucleus  arcuatus  thalami  {sekalah 
fdrmiger  Korper)  and  in  the  ventral  part  of  the  nnclens  later- 
alis thalami,  that  region  of  the  thalamus  whence  are  derifed 
the  meduUated  axones  of  Flechsig's  foetal  sensory  system  No.  I 
{vide  Chapter  LI)  which  pass  to  the  central  gyri.  Tschemuk 
confirms  Flechsig's  findings,  and  states,  in  opposition  to 
HoesePs  reports,  that  along  with  loss  of  the  fibres  betwea 
the  centre  midian  and  the  schalenformiger  Korper y  as  well 
as  the  fibres  between  the  schalenfdrmiger  Korper  and  the 
"ventral  nucleus  in  the  narrower  sense,"  there  has  actaaQr 

• 

been  a  great  loss  of  ganglion  cells  in  the  schalen/ormi^r 
KOrper  on  the  side  of  the  lesion.  Further,  the  ventral  part 
of  the  nucleus  lateralis  thalami  is  markedly  atrophic,  and 
great  numbers  of  nerve  cells  have  been  destroyed  in  this 
region,  especially  in  the  ventral  half  of  the  occipital  third 
of  the  nucleus  lateralis  thalami.  In  addition  there  was  los 
of  cells  in  the  lateral  part  of  the  centre  median.  So  alten- 
tion  could  be  found,  however,  in  the  dorsal  part  of  the  ana 
lenticularis  {Feld  H^  of  Forel,  which  Flechsig  thinks  repre^ 
sents  a  connection  of  the  cerebellum,  especiaUy  of  the  nnclens 
dentatus  with  the  nucleus  lentiformis)  nor  in  the  nucleus 
hypothalamicus. 

As  Tschermak  emphasizes,  the  demonstration  of  the  diap- 
pearance  of  such  a  large  number  of  cells  in  the  Yentro4ateril 
group  of  nuclei  of  the  thalamus  lends  to  Hoesers  case  a  new 
significance  and  a  new  interest. 

Hoesers  case  proved  the  existence  of  a  connection  between 
the  nucleus  funiculi  gracilis  and  the  pars  medialis  of  the  nu- 
cleus funiculi  cuneati  of  one  side  with  the  ventro-lateral  group 
of  nuclei  of  the  thalamus  and  the  central  gyri  (especially  the 
posterior  central  gyrus)  of  the  opposite  side.  Though  Hoeeel 
did  not  recognize  the  interruption  of  this  connection  in  the 
thalamus,  the  bringing  of  the  proof  of  the  termination  of  this 
sensory  conduction  path  in  the  central  gyri — ^that  is,  more  or  less 
in  the  region  which  corresponds  to  the  place  of  origin  of 
the  medullated  axones  of  the  centrifugal  fasciculi  cerebro- 
spinales — was  an  advance,  the  importance  of  which  it  is  difll- 
cult  to  overestimate.  That  the  conduction  path  between  the 
medulla  and  the  cortex  consists  in  the  main  of  at  least  two 
sets  of  superimposed  neurotic  systems  is  clear  from  the  later 
investigations. 
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Bielschowsky  *  has  studied  the  brains  of  two  of  Goltz's 
dogs,  one  almost  two  and  a  half  years  after  removal  of  one 
cerebral  hemisphere  the  other  about  nine  months  after  removal 
of  one  hemisphere  and  two  months  after  removal  of  the  oppo- 
site hemisphere.  In  the  first  dog  the  corpus  striatum  on  one 
side  was  also  removed ;  in  the  second  dog  both  corpora  striata 
were  extirpated,  while  the  optic  thalamus  remained  uninjured 
in  both  animals.  Bielschowsky  found  secondary  atrophy  in  the 
optic  thalamus  but  no  degeneration  in  the  lemniscus,  and  there- 
fore concludes  that  the  fibres  of  the  lemniscus  do  not  extend 
beyond  the  thalamus,  and  that  they  can  influence  the  cortex 
only  through  the  intervention  of  neurones  of  a  higher  order. 

Very  important  confirmatory  work  in  this  connection  has 
been  done  by  Jakob  f  and  by  the  Dejerines.J  The  latter  inves- 
tigators have  made  sections  of  nineteen  hemispheres,  in  which 
there  were  cortical  lesions  without  involvement  of  the  basal 
ganglia.  The  cortical  lesion  was  more  or  less  extensive,  but  in 
all  these  nineteen  instances  it  involved  the  Bolandic  region 
and  the  parietal  lobe.  In  no  one  of  the  cases  was  the  medial 
lemniscus  degenerated.  In  three  very  old  cases  there  was  a 
slight  diminution  in  the  volume  of  the  lemniscus,  but  this  was 
due  to  simple  atrophy  and  a  diminution  in  calibre  of  the  indi- 
vidual fibres,  not  to  a  decrease  in  the  number  of  the  fibres.  In 
all  nineteen  cases  there  was  intense  secondary  atrophy  of  the 
optic  thalamus.  They  insist,  therefore,  that  the  path  from 
the  nuclei  of  GoU  and  Burdach  in  the  medulla  to  the  cerebral 
cortex  consists  of  at  least  two  neurones — (1)  an  inferior  or 
bulbo-thalamic  neurone  corresponding  to  the  medial  lemniscus, 
and  (2)  a  superior  or  cerebral  neurone  connecting  the  thala- 
mus with  the  cerebral  cortex.  Von  Bechterew's  elaborate  scheme 
of  the  central  paths  is  reproduced  in  Fig.  456. 

The  view  advanced  by  Flechsig  and  Bechterew,  according 
to  which  the  lemniscus  forms  connections  with  the  nucleus 
hypothalamicus  of  Luys  and  the  globus  pallidus  by  means  of 


♦  Bielschowsky,  M.  Obere  Schleife  und  Himrinde.  Neurol.  Centralbl., 
Leipz.,  vol.  xiv  (1895),  S.  205^207. 

f  Jakob,  C.  Ein  Beitrag  zur  Lehre  von  Schleifenverlauf  (obere,  Rinden- 
Thalamusschleife).    Neurol.  Ceiitralbl,  Leipz.,  vol.  xiv  (1895),  S.  308-310. 

X  Dejerine,  J.,  et  Mine.  J.  Dejerine.  Sur  les  connexions  du  niban  de 
Rcil  avec  la  corticalite  cerdbrale.  Compt.  rend.  Soc.  tie  Biol.,  Par.,  10.  s.,  t. 
ii  (1895),  pp.  285-291. 
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[itrftl  paths  as  at  present  nnderetood  with  reference  to  the  five  em- 
ibdi  visions  of  the  brain.  (Scheme  constructed  by  R.  von  Weinberg ; 
CQ  the  chapter  written  by  W.  von  Bechterew,  in  A.  Rauber's  text- 
^ibrea — Jf,  fasciculus  gracilis  GoUi  ;  ^,  fasciculus  cuneatus  Burdachi ; 
from  the  nucleus  funiculi  cuneati  to  the  cerebellum ;  5,£Et8ciculuscere- 
alis  or  direct  cerebellar  tract  of  Flechsig ;  4*  fasciculi  cerebrospinales 
ales) ;  4'*  fasciculus  cerebro-spinalis  ventralis ;  5,  fasciculus  lateralis 

6,  nisciculus  ventro-Ubteralis  Gtowersi ;  7,  fibres  from  fasciculus 

vhich  ascend  on  the  lateral  surface  of  the  medulla  oblongata ;  8, 

lateralis  et  ventralis  proprius  passing  into  the  forma tio  reticularis ; 

Tom  the  nucleus  N.  vestibuli  lateralis  (Deiters)  to  the  fasciculus 

proprius;  P,  fasciculus  ventralis  proprius;  d',  9",  fibres  from  the 

ventralis  proprius  to  the  nucleus  reticularis  tegmenti  and  the 
sntralis  superior ;  9'",  fibres  of  the  fasciculus  longitudinalis  medialis 
LB  with  the  fasciculus  ventralis  proprius ;  iO,  fibres  of  the  lemniscus 
arising  from  the  nucleus  funiculi  gracilis;  l&f  scattered  bundles 
bin  portion  of  the  lemniscus  (from  the  nuclei  terminales  of  the 
iensory  nerves?) ;  l(y\  fibres  from  the  lemniscus  medialis  to  the 
eticularis  tegmenti ;  11,  fibres  from  the  nucleus  funiculi  gracilis  to 
ellum;  IS,  fibres  of  the  main  portion  of  the  medial  lemniscus 
om  the  nucleus  ftiniculi  cuneati ;  ISf^  IS**,  fibres  of  the  lemniscus 
o  the  colliculus  superior  and  to  the  nucleus  hyi>othalamicus  (corpus 
F^  fibres  from  the  nucleus  funiculi  cuneati  to  the  nucleus  centralis 
(through  the  posterior  decussation);  15,  fibres  connecting  the 
lypothalamicus  with  the  globus  pallidus ;  16,  fibres  from  the  globus 
D  the  cerebral  cortex ;  18^  fibres  of  the  corpus  trapezoideum  which 
fie  nucleus  N.  cochlese  ventralis  to  the  nucleus  olivaris  superior  and 
mniscus  lateralis;  19,  fibres  of  the  lemniscus  lateralis;  !80,  fibres 
nucleus  olivaris  superior  to  the  nucleus  N.  abducentis ;  21,  fibres 
g  the  nucleus  fastigii  with  the  nucleus  olivaris  superior ;  g2,  fibres 
g  the  colliculus  inferior  with  the  nucleus  reticularis  tegmenti ;  iS, 
n  the  region  of  the  thalamus  to  the  formatio  reticularis ;  24,  fibres 

pons  through  the  raphe  to  the  formatio  reticularis  and  to  the 
reticularis  tegmenti;  25,  &8ciculus  pedunculo-mammillaris  pars 
lis  {Hatibenbundel,  von  Gudden) ;  25',  fctsciculns  pedunculo-mam- 
MiTs  basilaris  (pedunculus  corporis  mammillaris) ;  26,  accessorv 
if  the  lemniscus;  26",  fibres  connecting  the  substantia  nigra  wit n 
ral  cortex ;  27,  fasciculus  retroflexus  (Meynerti) ;  28,  fibres  from 
ius   colliculi    inferioris  to  the   thalamus    (so-called    Oheresehleife, 

to  von  Bechterew) ;  29,  brachium  quadrigeminum  inferius ;  29^, 
n  the  corpus  geniculatum  mediale  to  the  cortex  of  the  temxwral 
fibres  connecting  the  colliculus  superior  with  the  corpus  genie- 
bterale  ;  Sl\  fibres  of  the  commissura  posterior  cerebri  (dorsal  and 
)rtion) ;  SI",  fibres  from  the  corpus  pineale  to  the  nucleus  habenulee ; 
ilus  thalamo-mammillaris  (Vicq  d'Azyri) ;  SS,  fibres  connecting  the 


thalamas  with  the  nucleus  lentiformis ;  $4,  fibres  from  the  nuclei  Utenkst9 
the  cerebellum  ;  $5^  fasciculus  centralis  tej^menti  {cetUrale  Haitbeitbahn) \  $S, 
fibres  cunnecting  the  nucleus  olivaris  inferior  with  the  cerebellum  ;  37.  &im 
connecting  the  nucleus  dentatus  with  the  cortex  of  the  cerebellam:  41?, 
spinal  bundle  of  the  brachium  pontis;  S9,  part  of  brachium  coxgaoctinni: 
40,  cerebral  bundle  of  brachium  pontis ;  4^^  fibres  from  the  nucleus  N.  TejQb- 
uli  superior  (von  Bechterew)  and  from  the  nucleus  N.  vestibnli  Litenlis 
(Deiters)  to  the  cerebellum ;  j^,  part  of  the  brachium  coigunctiTum :  iS,U. 
fibres  connecting  the  central  nuclei  of  the  cerebellum  with  the  cerebeiSr 
cortex:  4^,  part  uf  the  brachium  coivjunctivum ;  4^,  bundle  forming  a  cqb- 
missure  between  Bechterew's  nuclei  of  the  two  sides  and  lying  just  Tenbil 
to  the  brachium  coivjunctivum  ;  >^7,  4^,  fibres  from  the  nucleus  robertotk 
nucleus  lentiformis^  the  thalamus,  and  the  cerebral  cortex  ;  49^  fibres  ne- 
necting  the  corpus  striatum  with  the  globus  pallidas;  50^  50\  fibres  of  tk 
medial  portion  of  the  basis  pedunculi  connecting  the  lobus  fnmtalis  aod  tk 
corpus  striatum  with  the  nuclei  pontis;  52^  fibres  from  the  thalamos to tiie 
cerebral  cortex  ;  56,  fibres  from  the  coUiculus  superior  and  the  corpus  ^eok- 
ulatum  laterale  to  the  lobus  occipitalis ;  57,  fibres  of  the  fornix ;  5S.  ndii 
lateralis  tractus  optici ;  5P,  radix  medialis  tiactus  optici ;  60,  fibres  from  ii4ii 
lateralis  tractus  optici  to  the  thalamus ;  61,  fibres  ttom  same  root  to  coIUntlK 
superior ;  62,  fibres  from  same  root  to  the  corpus  geniculatum ;  6i,  film 
from  the  tractus  opticus  to  the  gray  matter  about  the  ventriculus  tertiK; 
64^  direct  hemispheric  bundle  of  the  optic  tract  (von  Gudden);  €5,  fibres 
from  the  medial  root  of  the  optic  tract  to  the  nucleus  lentiformis :  €6,  fibns 
from  the  medial  root  of  the  optic  tract  to  the  coUiculus  inferior ;  €7,  Shm 
connecting  the  corpus  striatum  with  the  cerebral  cortex.     Gray  MMta-l 
nucleus  funiculi  gracilis ;   2,  nucleus  funiculi  cuncati ;  S,  nudcas  kt^nli* 
ventralis;   ///,  nucleus  N.  oculomotorii ;  i,  nucleus  lateralis  doraJis^/T 
nucleus  N.  trochlearis ;   5,  nucleus  funiculi  ventmlis ;  6,  nucleus  oliwis 
inferior ;  IT,  nucleus  N.  abducentis ;  7,  nucleus  centralis  inferior :  7.  nackw 
N.  facialis ;   8,  nucleus  olivaris  superior ;  8',  nucleus  N.  vestibnli  klrn& 
(Deiters);  8",  nucleus  N.  cochlese  ventralis;  8*",  other  acoustic  nnd«:/I 
nucleus  terminalis  N.  glossopharyngei ;  9,  nuclei  pontis ;  10,  nndeos  reriea- 
laris  tegmenti ;  11,  nucleus  lemnisci  lateralis ;  IS,  nucleus  colliculi  inferipw' 
12',  coUiculus  superior  ;  IS,  ganglion  interpedunculare  ;  14,  nucleus  cfiitn£s 
superior;   15,  B(^chterew*s  corpus  parabigeminuni ;  7<?,  substantia n^:^< 
nucleus  ruber;  18,  nucleus  lateralis  superior  (Flechsig)  or  nucleus  na» 
inatus  (von  Bi'^chterew)  ^  19,  corpus  pineale  ;  £0,  nuclei  corporis  niamiDlIia'^: 
gl,  nucleus  hy^iothalamicus  (corpus  Lu^i ) ;  S2,  nucleus  corporis  gembti 
medialis ;  23',  nucleus  corporis  geniculati  lateralis ;  2S,  nucleus  lcDtifQiBi»: 
£4*  Srray  matter  about  the  ventriculus  tertius;  25,  nucleus  h»benolie;iJ. 
thalamus ;   29,  corpui^  striatum  ;  30,  nucleus  fa«tigii ;  SI,  nucleus  gioiitas: 
S2t  nucleus  emboli formis ;  SS,  nucleus  dentatus. 
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the  ansa  lenticalaris,  is  opposed  by  von  Monakow  and  by  the 
Dejerines.  Von  Monakow,  from  studying  degenerations,  thinks 
that  the  lenticular  nucleus  and  the  ansa  lenticularis  take  no 
part  in  the  formation  of  the  lemniscus,  or  at  the  most  an  en- 
tirely minimal  part.  The  Dejerines  have  examined  three  cases 
of  very  old  lesions  involving  the  island,  the  operculum,  the  pu- 
tamen,  the  caudate  nucleus,  and  the  globus  pallidus  without  in- 
jury of  the  internal  capsule  or  the  optic  thalamus.  In  these  cases 
there  was  a  more  or  less  pronounced  degeneration  of  the  ansa 
lenticularis  and  of  the  lenticuloK)audate  fibres  going  to  Luys* 
body.  These  degenerated  fibres  passed  through  the  internal 
capsule  and  could  be  followed  into  Luys'  body  and  into  the 
thalamus,  but  there  was  absolutely  no  change  in  the  medial 
lemniscus. 

Flechsig,  in  his  latest  publications,  does  not  distinguish 
sharply  in  the  hypothalamic  region  the  fibres  which  represent 
the  upward  continuation  of  the  lemniscus  from  the  other  cen- 
tripetal fibres  of  this  area  (fibres  of  the  capsule  of  the  red 
nucleus,  fasciculus  longitudinalis  medialis,  and  longitudinal 
fibres  of  the  formatio  reticularis).  He  grants,  however,  that  in 
&U  probability  a  large  proportion  of  the  fibres  of  the  lemniscus 
are  interrupted  in  the  thalamus.  Hoesel,  again,  in  one  of  his 
later  articles,*  has  modified  his  earlier  views  so  as  to  bring  them 
more  into  accord  with  the  doctrine  of  Mahaim  and  von  Mona- 
kow. There  is  some  danger  in  reading  the  articles  of  these 
various  writers  of  misunderstanding  just  what  each  means  by 
the  term  "cortical  lemniscus"  (Bindenscltleife).  The  term  in- 
dicates the  portion  of  the  lemniscus  which  is  connected  either 
directly  or  indirectly  with  the  cortex.  According  to  von  Mona- 
kow, Mahaim,  and  others,  all,  or  nearly  all,  of  the  "  cortical 
lemniscus  "  is  indirect — ^i.  e.,  it  is  interrupted  in  the  thalamus 
— ^while  according  to  the  view  advanced  by  Hoesel  in  his  first 
article  the  most  of  the  "  cortical  lemniscus  "  is  direct. 

The  utmost  that  can  be  said  at  present  is  that  the  weight  of 
evidence  is  in  favor  of  the  view  that  the  majority  of  the  fibres 
of  the  medial  lemniscus  are  interrupted  in  the  thalamus,  though 
some  axones,  helping  to  form  the  lemniscus,  doubtless  extend 
all  the  way  from  the  nuclei  of  the  medulla  to  the  opposite  cere- 


*  Hoesel.     BeltrSge  zur  Anatomie  der  Schleifen.     Neurol.  Centralbl., 
Leipz.,  Bd.  xiii  (1894),  S.  546-559. 
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bral  cortex,  since  Tschermak  *  has  been  able,  after  destractioe 
of  these  nuclei  in  the  cat,  to  follow  degenerated  fibres  throagl 
the  thalamus  directly  out  to  the  cortex. 

A  full  report  of  Tschermak's  inyestigations  in  this  connee' 
tion  has  been  subsequently  published. f  In  his  experiments  be 
destroyed  the  nuclei  of  the  funiculi  in  three  cats.  The  sfisp- 
toms  which  resulted  corresponded  to  those  previously  food 
by  von  Bechterewjin  dogs,  and  by  Ferrier  and  Turner*  ia 
monkeys. 

Von  Bechterew  in  dogs  injured  the  nucleus  funiculi  gnak 
The  animals  tumbled  about  when  they  attempted  to  walk,tfi(i 
swayed  on  standing.  There  was  no  disturbance  of  cutaneooi 
sensibility  to  be  made  out.  Similar  symptoms  could  be  p- 
duced  by  cutting  the  funiculus  gracilis  in  the  upper  j»rt  d 
the  pars  cervicalis  of  the  spinal  cord. 

In  monkeys,  Ferrier  and  Turner  found  as  symptoms  rsnli- 
ing  from  injury  to  the  dorsal  funiculi  restlessness  on  the  fin 
of  the  animals  and  a  sprawling  character  to  the  body  on  eier- 
tion,  and  the  animals  exhibited  a  tendency  to  fall  backvsid 
As  far  as  they  could  make  out,  the  sensations  of  touch  and  ptifl 
were  unimpaired,  and  the  capacity  for  localization  did  notip- 
pear  to  be  disturbed.     The  interference  with  the  equilibrinBe^ 
the  animals  vanished  in  a  few  days. 

Tschermak's  cats  showed  marked  symptoms  at  first  of  dL^ 
turbance  of  equilibrium,  but  these  soon  disappeared.  Ontk 
first  or  second  day  after  the  lesion  the  cats,  on  attempting  t* 
walk,  deviated  constantly  toward  the  side  of  the  lesion,  and  ofta 
fell  when  they  attempted  to  use  the  paw  of  the  injured  sit 
While  the  contra-lateral  fore  paw  could  be  used  almost  nomttSj* 
the  homo-lateral  leg  sprawled  about  on  attempts  to  more  t 
One  animal  kept  the  hind  leg  on  the  affected  side  lifted  fii« 
it  walked.     Even  on  sitting,  all  three  animak  showed  Iate» 


•  Tschermak,  A.  Notiz  betreffs  des  RiDdenfeldes  der  Hinte^^sM' 
bahnen.    Neurol.  Centralbl.,  Leipz.,  IJd.  xvii  (1898),  S.  159-162. 

f  Op,  ciL,  Arch.  f.  Anat.  u.  Physiol.,  Anat.  Abth.,  Leipz.  (1898),  i^"" 
400. 

X  von  Bechterew,  W.  Arch.  f.  Anat.  u.  Physiol.,  Anat  Abtlu  ^ 
(1890),  S.  489. 

«  Ferrier,  D.,  and  Turner,  W.  A.  A  Record  of  Experiments  ^^ 
of  the  Symptomatology  and  Degenerations  following  Lesions  of  the  ^"^ 
bellum,  etc.    Phil.  Tr.,  Lond.,  vol.  clxxxv,  B,  pt.  2,  p.  755. 
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swaying  to  the  side  of  lesion.  Cutaneous  sensibility  appeared 
to  be  normal.  After  from  two  to  five  days  the  disturbances  of 
equilibrium  had  practically  disappeared,  though  in  one  case 
marked  symptoms  continued  until  the  death  of  the  animal  at 
the  end  of  sixteen  days. 

The  consensus  of  opinion  at  present  is,  therefore,  that  de- 
struction of  the  nuclei  of  the  dorsal  funiculi  does  not  interfere 
with  the  sense  of  touch,  the  sense  of  pain,  or  the  capacity  for 
localization,  as  far  as  the  skin  is  concerned.  The  long  fibres  of 
the  dorsal  funiculi,  accordingly,  can  scarcely  be  concerned  in 
the  mediation  of  the  centripetal  impulses  concerned  in  thete 
sensations.  Their  function  appears  to  be  rather  that  of  con- 
duction of  the  impressions  of  muscular  sense,  a  yiew  which  is 
supported  by  obserrations  in  tabes  and  other  pathological  con- 
ditions in  human  beings. 

In  Fig.  457  I  have  reproduced  some  of  the  illustrations  ac- 
companying Tschermak's  article,  which  show  degenerations  as 
revealed  by  Marchi's  method  after  destruction  of  the  nuclei  of 
the  dorsal  funiculus,  and  some  of  the  parts  just  ventral  to  this. 
The  fibrsB  arcuatae  intemae  are  seen  to  be  markedly  degenerated. 
The  finer  blackened  fibres  going  to  the  nucleus  N.  hypoglossu» 
and  to  the  lateral  and  ventral  portions  of  the  formatio  reticu- 
laris grisea  probably  correspond  to  degenerated  collaterals. 
Large  numbers  of  degenerated  fibres  can  be  seen  passing  into 
the  nucleus  olivaris  inferior.  A  moderate  number  of  degener- 
ated fibres  extend  from  the  degenerated  contra-lateral  stratum 
interolivare  lemnisci  along  the  periphery  of  the  medulla  into 
the  ventral  part  of  the  corpus  restiforme.  On  their  way  to  the 
cerebellum  some  degenerated  fibres  go  into  the  vestibular  nu- 
clei. The  degeneration  in  the  formatio  reticularis  alba,  includ- 
ing the  fasciculus  longitudinalis  medialis,  is  well  shown,  but  i» 
due  not  to  the  injury  of  the  nuclei  of  the  dorsal  funiculi,  but 
rather  to  the  destruction  of  the  parts  ventral  to  this  at  the  time 
of  operation. 

The  degenerated  interolivary  layer  can  be  followed  in  the 
pons  into  the  lemniscus  medialis.  Fine  degenerated  fibres  can 
be  seen  passing  from  the  lemniscus  dorsalward  into  the  formatio 
reticularis  grisea,  and  also  ventralward  into  the  nuclei  pontis. 
Higher  up  distinct  bundles  of  degenerated  fibres  can  be  followed 
into  the  nucleus  coUiculi  inferioris.  Higher  there  are  fine  de- 
generated fibres  passing  medialward  to  the  formatio  reticularis. 
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And  ventralward  into  the  substantia  nigra.  In  the  hypothala- 
mic region  the  degenerated  fibres  of  the  lemniscus  lie  scattered 
over  a  rather  large  area  situated  medial  to  the  corpus  genicu- 
latum  mediale.  Farther  frontalward  they  pass  into  the  hilus 
ihalami.  The  area  of  degeneration  in  the  tegmentum  is  ap- 
proximately triangular  in  shape  in  cross  section.  From  the 
dorsal  apex  of  this  triangular  area  single  blackened  fibres  can 
be  followed  through  the  pars  dorsalis  of  the  commissura  pos- 
terior cerebri  to  the  nucleus  lateralis  superior  of  the  opposite 
side.  Of  the  fibres  which  pass  into  the  hilus  thalami  a  great 
number  seem  to  disappear  in  the  ventral  nuclei  of  the  thala- 
mus, but  many  run  into  the  lamina  meduUaris  media,  and  into 
the  lamina  meduUaris  lateralis  as  well  as  into  the  lateral  half 
of  the  zona  reticularis  ( Thalamusschale). 

The  rest  of  Tschermak's  description  is  of  the  deepest  inter- 
est. He  follows  a  considerable  number  of  single  fine  collaterals 
{never  in  bundles)  radiating  out  to  the  ventral  and  ventro-lat- 
eral  parts  of  the  reticular  zone  to  pass  transversely  into  the 
basis  pedunculi  and  into  the  capsula  interna.  Of  the  fibres 
which  pass  farthest  ventralward,  some  go  medio-ventrally  into 
the  nucleus  hypothalamicus  (corpus  Luysi) ;  farther  on  single 
fibres  can  be  followed  into  the  commissura  superior  Meynerti 
(or  so-called  commissura  hypothalamica),  which  passes  down 
between  the  basis  pedunculi  and  the  tractus  opticus.  They  ex- 
tend to  the  nucleus  lentiformis  of  the  opposite  side. 

But  in  addition  to  these  Tschermak  is  able  to  follow  a  much 
greater  number  of  isolated  degenerated  fibres  through  the  cap- 
sula interna  into  the  nucleus  lentiformis ;  these  fibres  appear  as 
fine  blackened  droplets,  especially  in  the  globus  pallidus.  A 
number  of  somewhat  coarser  fibres  pass  through  the  laminas 
meduUares  (and  also  probably  through  the  capsula  interna)  to 
enter  the  corona  radiata.  Most  of  the  fibres,  however,  which 
enter  the  corona  radiata  arrive  there  directly  by  way  of  the 
capsula  interna.  These  degenerated  fibres  of  the  corona  radiata 
pass  out,  according  to  Tschermak,  chiefly  to  the  cortex  of  the 
gyrus  coronalis,  and  to  the  adjacent  marginal  parts  of  the  gyrus 
^ctosylvius  (pars  anterior),  and  to  the  gyrus  suprasplenius  (pars 
anterior),  without,  however,  going  to  the  gyrus  fornicatus  seu 
cingtili.  The  cortical  distribution  of  these  fibres  is  well  illus- 
trated in  Fig.  458. 

As  a  result  of  his  studies,  Tschermak  concludes  that  four 
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principal  central-axone  neurone  systems  originate  in  the  nx 
of  the  dorsal  funiculi.  The  first  two  of  these  systems  wbi 
pass  to  the  cerebellum  hate  already  been  described  in  Chipl 
XXXIX.  The  other  two  systems  which  pass  to  the  ceretn 
demand  further  discussion  here.* 


supraxpleniut  s.  margmaUe 


Gyr.  supmsybniu 


Xob.elfact.  /  Ncrv.niit. 

Om-.conmdUa         ,  ■     .       %^  ekiosyb,Mi 

■^  AnaatomoBta 

Tio.  458. — Cortical  area  of  termination  of  lemnisciui  fibres  in  the  nt  '^^ 
TBTbenuak.  Arch.  f.  Anat  u.  Phyaiol.,  AoaL  Abth.,  Lript,  l*.*" 
Fig.  3.) 


The  mednilated  azones  of  these  two 
those  which  we  have  already  seen  passing  as  internal  iB"" 
fibres  through  the  decnssatio  lemniscorum  into  the  strtton* 
teroliTare  lemnisci  and  into  the  lemniscus  medialisll^'*'^ 
309,322,  and  323,  mrfe  supra).  While  the  majority  of  m"* 
gators  who  have  worked  with  Marchi's  method  have  newW 
able  to  follow  degenerated  fibres  of  the  lemniscus  sboit  * 
thalamus,  Tschermak'has  succeeded,  as  we  have  seen-i"* 
lowing  in  his  three  cats  a  certain  number  of  fibres  atill  t""'^' 
even  to  the  cerebral  cortex.     He  concludes,  therefotft  u*' 

*  Die   beiden   kreuzenden  Hinltrstrangkem-Orttathirntj/llfmi  l""^ 
strangktm-ffai^sehhifen»i/ileme)  at  Tsuhermftk. 
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not  inconsiderable  number  of  fibres  from  the  nuclei  of  the  dor- 
sal funiculi  of  the  opposite  side,  instead  of  definitely  terminating 
in  the  thalamus,  pass  through  it  in  the  form  of  scattered  fibres. 

These  longer  fibres,  which  do  not  stop  in  the  thalamus,  follow 
different  paths.  All  those  most  ventrally  situated  in  the  radi- 
ating fan  of  the  lemniscus  medialis  (Hauptschleife)  very  soon 
break  through  the  narrow  ventral  marginal  zone  of  the  zona 
reticularis  (Thalamusschale)  and  pass  in  a  curved  direction 
latero-ventralward  to  enter  the  basis  pedunculi.  Farther  on  a 
number  of  other  fibres  more  laterally  situated  follow  the  same 
course.  It  is  just  at  this  level  that  the  white  fibres  of  the  basis 
pedunculi  are  continuous  latero-dorsalward  with  the  capsula  in- 
terna which  lies  between  the  zona  reticularis  and  the  nucleus 
lentiformis.  The  most  ventro-medial  portion  of  the  fibre-mass 
surrounds  the  nucleus  hypothalamicus.*  The  degenerated  fibres 
referred  to  are  found  in  the  cat  to  give  off,  on  passing  through 
the  basis  pedunculi,  collaterals  to  the  nucleus  hypothalamicus 
which  lies  medially  from  them.  A  relatively  smaller  part  of 
the  degenerated  fibres  here  turn  medialward  and  run  along  the 
ventral  margin  of  the  basis  pedunculi ;  they  lie  immediately 
upon  the  tractus  opticus  and  run  toward  the  region  of  the  tuber 
cinereum.  These  fibres  form  one  constituent  of  the  commis- 
sura  superior  Meynerti  (commissura  hypothalamica  media  of 
Meynert),  and  after  crossing  the  middle  line  arrive,  by  a  similar 
path  between  the  peduncle  and  the  optic  tract,  in  the  globus 
pallidus  of  the  nucleus  lentiformis  of  the  other  side.  Accord- 
ing to  Tschermak,  therefore,  this  commissure  is  part  of  a  high 
decussation  of  axones  of  the  neurone  system  which  extends  from 
the  nuclei  of  the  dorsal  funiculi  to  the  cerebral  cortex. 

The  greater  part,  however,  of  those  fibres  which  go  ventrally 
and  ventrolaterally  out  of  the  thalamus  and  pass  through  the 
basis  pedunculi  arrive  in  the  nucleus  lentiformis  of  the  same 
side,  partly  by  running  lengthwise  (at  first  along  its  base  and 
then  bending  up  into  the  nucleus),  partly  by  crossing  over 
directly  into  the  globus  pallidus.  It  would  seem  likely,  at  first 
thought,  from  the  large  number  of  degenerated  fibres  met  with 
here,  that  the  globus  pallidus  receives  no  inconsiderable  number 
of  such  fibres,  but  Tschermak  states  that  in  reality  not  very 

*  Iq  the  cat  this  structure  is  by  no  means  so  definite  and  compact  a  lens- 
shaped  mass  as  in  man. 


••j^  THE  3fEET";»*T''i^  >Y?? 


isiaiuT  f't<ein  itjyr**  »*?r 

hm  in  pain.  *i^<«.  t^  ^"J  ^  ^^^^  iiiTtr 

ih*r  poiaiQ^iLi  mz^d  ti^  Cj^n^ex  of  liae  i^and  €«f  fi^sl'  kxw  'at 

i^ii^ta,  jUid  lEii^j  AiriTe  in  the  cortex  of  tike  jHkZiiini.  I^ 
juL«>ne!i  thf D  from  tb^  ni^'-i^ei  of  tbe  dors&l  fonicali  vibek  ft 
<im<n:j  to  the  p«Il:iun  maike  a  cmioiis  lirry^lty|w^  esrmsam 
through  the  nacleuf  It^tiformis.  A  oertain  nnmiMr  ol  liat  sh- 
ckl\*fd  dir^-rt  firjre»  yatei  scru^ht  throngli  the  anim  v^xmsi 
on  tb^ir  vaj  from  the  thalainii»  to  the  capsala  intonL  at 
anc^nd  into  the  cx^rona  radiatA,  ec|»eeiallj  mloai^  tlie  ««i^^f» 
dorsal  surface  of  the  naclen^  lentifafraii&. 

If  other  inrestigations  confirm  the  results  of  Tschem^i 
vould  soggeit  that  the  FT^tem  sending  axooes  from  the  sBdA 
of  th<f  dorsal  funiculi,  vithont  intermption  to  the  eerehni  <«- 
tex  l#e  called  the  ifytfiema  {hemroNt'ntm)  m^irmrrjidkah^pM^'* 
On  the  other  hand,  the  gyst^n  sending  axone?  from  the  ufic 
of  the  dorsal  fomcnli  to  terminate  in  the  renrmJ  region  of  i^ 
thalamos  of  the  opposite  side  could  he  design^ed  the  fffdmi 
(neuronirum)  myelenrephuJo^halamUitm.  ♦  Wbether  or  ntf  < 
Myntema  {lemniJfcale)  myeUfhr^phalo-paUiaie  MnuaUj  exists  in  ta- 
man  l>eings  remains  to  he  prored.  The  proof  of  the  ^^tAOtt 
ot  such  a  system  in  the  cat,  howerer,  taken  together  vith  ti* 
researches  of  Iloesel  and  of  Flechsig  on  human  beings;  make  h 
unsafe  to  deny  its  possibility. 

Tschermak  discusses  in  his  article  the  portion  of  the  cortex 
in  which  the  direct  cortical  lemniscns  terminates  in  tbe  cti 
and  attempts  to  arrive  at  certainty  with  regard  to  the  coR^ 
sponding  region  in  man.  Whereas  many  observers  hare  cub- 
sidered  the  crucial  sulcus  of  the  dog^s  brain  as  the  equivitest 
of  the  sulcus  centralis  Bolandi  of  human  beings,  Mernen! 
was  the  first  to  recognize  that  the  fissura  coronalia,  not  the  ^ 
sura  cruciata,  of  the  cat  is  the  homologue  of  the  sulcus  centr^ 

♦  Das  kreuzende  HinierHfrangkern'Orostihimrindensysiem  of  Tsc*ff*>^ 
f  DoH  krefizende  HinUrHfrangkem'Tkalamussyti^m  of  TschenaAL 
\  Meynert,  Th.    Die  Windungen  der  conTexen  Oberfliobe  des  Voidfrtfl* 

bei  MenKcheo,  Affen  and  Baubthieren.    Arch.  L  Psjchiat^  Bed.  0^^^ 

rii,  S.  257. 


GROUPING  AND  CHAINING  TOGETHEB  OP  NEURONES.      715 

of  man.  All  the  evidence  goes  to  prove  that  this  view  is  cor- 
rect, and  Tschermak  agrees  with  Mejnert.  He  assumes,  there- 
fore, that  his  direct  cortical  system  of  the  lemniscus  in  the  cat 
ends  in  the  region  of  the  cortex  homologous  with  the  gyrus 
centralis  posterior  of  man. 

The  best  review  of  the  history  of  the  development  of  our 
knowledge  concerning  the  lemniscus  I  know  of  is  that  given  by 
Tschermak.*  Since  this  has  appeared  so  recently  (1898),  and, 
moreover,  has  been  published  in  a  journal  generally  accessible, 
it  has  not  seemed  necessary  to  make  any  attempt  at  an  ex- 
haustive review  of  the  literature  here.  It  has  seemed  to  me 
wiser  to  lay  emphasis  upon  the  main  features  of  the  subject, 
citing  only  the  more  important  researches  rather  than  to  deal 
very  fully  with  all  publications  bearing  on  the  topic,  for  in  the 
domain  of  the  lemniscus,  perhaps  more  than  anywhere  else  in 
the  central  nervous  system,  the  beginner,  on  approaching  the 
bibliographic  forest,  runs  in  danger  of  '^  losing  sight  of  the  wood 
on  account  of  the  trees." 

For  those  who  wish  to  delve  deeper  into  the  bibliography, 
however,  the  articles  of  Flechsig,f  Edinger,J  von  Bechterew,* 


*  Op.  eit. 

f  Flechsig,  P.  Die  Leitungsbahnen  im  Gehim  und  RQckenroark,  etc. 
I^ipzig,  8vo.  (1876). — Ueber  die  Verbindungen  der  Hinterstrfinge  mit  dem 
Gehirn.  Neurol.  Centralbl,  Leipz.,  Bd.  iii  (1885),  S.  97-100.— Zur  Lehre 
▼oro  centralen  Verlauf  der  Sinnesnenren.  Ibid.,  Bd.  v  (1886),  S.  545-551. — 
Zur  Anatoinie  and  Entwickelungsgeschichte  der  Leitungsbahnen  im  Gross- 
him  des  Men.<tchen.  Arch.  f.  Anat.  u.  PhysioL,  Anat.  Abth.,  Leipz.  (1881), 
S.  12-75. — Plan  des  inenschlichen  Gehirns.  Auf  Grund  eigener  Untersueh- 
angen  entworfen.,  8vo,  Leipz.  (1883). — Die  Localisation  der  geistigen  Vor- 
gftnge  mit  besonderer  BerQcksichtigung  der  Sinnesempfindungen  des  Men- 
schen.    Leipz.  (1896). 

X  Edinger,  L.  Zur  Kenntniss  des  Verlaufes  der  Hinterstrangfasem  in 
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CHAPTER   XLVIII. 

CENTRIPETAL  FIBRES   IN   THE   FASCICULUS   LONGITUDIXALIS 

MEDIALIS. 

Cases  of  secondary  degeneration — Studies  by  Golgi^s  method— Tbc  Dodrs} 
of  Darksehewitsch — Adjacent  bundles  of  white  fibres  in  the  derejcf- 
ing  brain. 

(6)  The  Fasciculus  Longitudinalis  Medialis, 

The  course  and  relations  of  the  axones  in  this  bundle  hx^ 
been  the  subject  of  much  dispute,  and  although  an  immeB^ 
amount  of  work  has  been  done  to  determine  the  origin  td 
termination  of  its  constituent  fibres,  we  are  still  unable  to  mike 
entirely  positive  statements  in  this  connection.    Theconnftv 
tions  of  the  bundle  below  with  the  upward  continuation  of  tb« 
fasciculi  proprii  of  the  vcnlral  and  lateral  funiculi  of  theori 
are  certain.     The  connection  between  the  two  is  fonned  bf 
means  of  a  well-marked  curve  (Fig.  459).     The  intimate  r^ 
tion  of  the  bundles  to  the  eye  muscle  nuclei  in  the  midhnia 
is  also  very  definite,  but  just  how  far  downward  fibres  eiteii 
and  just  how  far  upward  its  fibres  reach  we  do  not  yet  bow 
Nor  are  we  certainly  informed  as  to  the  exact  number  of  ^sa^ 
ing  fibres  and  the  exact  number  of  descending  fibres  in  tte 
fasciculus.     While  many  observers  assume  that  the  majority  rf 
fibres  descend — ^that  is,  are  centrifugal  in  conduction  directitfi. 
having  mainly  to  do  with  reflex  activities — others  hold  thattfe 
majority  of  the  fibres  ascend  and  are  centripetal  in  condncw* 
direction,  representing  the  sensory  limb  of  reflex  arcs  and  p 
sibly  a  central  conduction  path  for  the  passage  of  sensoitn- 
pulses  toward  the  cerebral  cortex. 

The  study  of  cases  of  secondary  degeneration  thus  bs  » 
thrown  but  little  light  upon  the  subject,  though  in  the  (^ 
studied  by  Jakovenko  *  the  degeneration  of  the  bundle  stopp  I  ^_ 

♦  Jakovenko,  V.    K.  vopr.  o  stroenii  zadnjago  prodol.  puchk*  (&***** 
longitndinalis  medialis).    Vestnik  klin.  i  sudebnoi  psichiat.  ineTW^w--    gtj 
Petersb.,  vol.  vi,  pt.  i  (1888),  pp.  89-98. 
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suddenly  anteriorly  on  reaching  the  level  of  the  naclenB  of 
Darkachewitsch. 

Golgi'B  method  has  proved  definitely  the  existence  of  nu- 
merous axones  passing  into  the  fasciculus  longitudinal  is  medi- 
alis,  axones  which  have  had  their  origin  in  the  cell  bodies  or 


Dtctiaalio         Fhtciailui 

raiH  longitittlinalit 


J^,. 


Ftu,  4S6. — A  Hiftittal  Motion  of  the  medulla  oblongata,  pons,  ftnd  meMencpphalon 
uiallpl  and  cliiae  to  the  middle  line;  child  aged  tnnv  months:  methud  of 
W.-iBtrt.  I  AfU-T  A.  Bni<*.  Illurtnitionn  of  the  Nerve  Trarts  in  thf  Mid-  and 
Hind  Brain  and  the  Cranial  Ni-rviii  arising  thprefrom.  Edinb.  and 
I>md..  ISes.  pi.  xxvii,  FiE-  M  The  fHwii'uluA  longitudinnlig  mcdialis  and 
its  n-lation  In  the  fasciculus  ventnilis  proprias  of  the  spinal  fo(d  are  particu- 
I1TI7  well  shown. 

dendrites  of  neurones  situated  in  the  nuclei  of  termination  of 
the  sensory  cerebral  nerves.  Axones  of  the  cerebral  conduction 
path  connected  with  the  vestibular  and  other  sensory  nuclei 
entering  the  fasciculus  longitudinal  is  medialis  have  been  re- 
ferred to  above.  On  the  other  hand,  Oolgi  preparations  of  the 
midbrain  have  shown  large  numbers  of  axones  passing  from 
cells  in  the  superior  colHculus  of  the  corpora  quadrigemina 
and  in  the  nucleus  of  Darkachewitsch,  which  pass  ventral  to 
the  nucleus  nervi  oculo-motorii  to  decussate  with  correspond- 


TE£.  uifarr  ^sr-?  -FT?! 


TUT  llir»»  It  --Trt-  iiDCjd**-  imt 
4?  'it-^  ftiw.^'.ii:itt  >tniE;^;ikCJMUj* 


rH.j\.W^:3^^V'-"  "^pg' 


Tui.  «m.— Hurital 


¥,  nillatrnis  fnm  it  to  BBeie«i  .V.  ViA 
arid :  f.  ciilUtrnls  \a  nncleiu  X.  omla-nxMorii :  1>.  md  ismifiatvar  li 
Drlnu  bm-irali  lunjcitndiniilis  tnnliatiB ;  F.  Gbm  |!DiiiK  paat  (far  bwini" 
rrlniflriiH  to  pnUT  ihr  ihaluniu:  E.  bsrimltu  irtroHezm  Xr^nnti:  >•' 


with  XMrrndiDI 


>  HcrnpTti :  rf.  lonn- 


*  The  lo-cmllecl  prudom/u  Jxmgwbbmd^  of  tbe 
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lar  axones  arising  from  the  superior  lateral  nucleus  of  Fleehsig 
pass  into  the  fasciculus  longitudinalis  medialis  of  the  same  side, 
or  after  decussation  into  that  of  the  opposite  side,  from  which 
point  they  descend.  It  remains  for  future  work  to  determine 
the  relative  number  of  ascending  and  descending  fibres.  It  is 
believed  by  van  Gehuchten  that  in  the  trout  and  salamander 
the  majority  of  the  fibres  of  the  bundle  descend  (motor  and 
reflex  fibres).  Large  numbers  of  collaterals  are  given  off  from 
the  fibres,  probably  from  both  ascending  and  descending  fibres 
of  the  fasciculus  longitudinalis  medialis  to  the  various  gray 
masses  with  which  it  comes  into  contact  relation  in  its  course 
(nucleus  nervi  trochlearis,  nucleus  nervi  oculo-motorii,  formatio 
reticularis  grisea).     (Fig.  460.) 

The  relations  of  the  fasciculus  longitudinalis  medialis  at  its 
anterior  extremity  are  peculiarly  puzzling,  and  one  has  only  to 
read  the  descriptions  in  the  various  text-books  and  in  the  orig- 
inal articles  dealing  with  this  topic  to  appreciate  the  confusion 
which  exists  with  regard  to  it.  Especially  conflicting  are  the 
views  which  have  been  held  concerning  the  relations  to  the 
nucleus  of  Darkschewitsch,  and  to  the  gray  matter  of  the  hypo- 
thalamic region.  It  would  be  unfruitful  to  discuss  at  length, 
in  the  present  state  of  our  knowledge,  the  various  theories 
which  have  been  advanced.  I  shall  restrict  myself,  therefore, 
in  the  main,  to  a  mere  statement  of  the  results  of  my  own 
studies,  and  of  those  of  Miss  Sabin  and  Miss  Stein,  who  have 
especially  studied  this  region. 

As  the  fasciculus  longitudinalis  medialis  is  followed  frontal- 
ward  it  is  found  in  the  region  of  the  nucleus  nervi  trochlearis 
as  a  compact  bundle  which  at  this  level  begins  to  bend  ventral- 
ward  as  it  continues  its  course  toward  the  cerebrum.  The  fibres 
of  the  fasciculus  longitudinalis  medialis  come  into  very  inti- 
mate relation  with  the  nuclei  of  the  X.  trochlearis  and  of  the 
X.  oculo-motorius  (Fig.  461),  and  in  this  region  the  medial 
fibres  of  the  fasciculi  of  the  two  sides  curve  ventralward  and 
medialward,  and  come  into  contact  with  one  another  in  the 
middle  line,  so  that  the  eye  muscle  nuclei  lie  in  a  long  trough 
extending  throughout  their  whole  length. 

The  nucleus  of  Darkschewitsch,*  situated  somewhat  anterior- 

^  Cf.  Darkschewitsch,  L.  Einige  Bemerkungen  aeber  den  FaserTerUuf 
in  der  hinteren  Comroissur  des  Gehims.  Neurol.  Centralbl.,  Leipz.,  Bd.  ▼ 
<1880),  S.  99-108. 
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Tr.fr.nu.D 


Kiu.  461.— Horizontal  Hection  through  the  medulla,  pons,  and  midbnin  of  a 
bom  bahe.  Weigert-Ral  staining.  Level  of  dorsal  part  of  corpus  tnpn«- 
deum  and  doraal  portion  of  nucleus  olivaris  inferior.  (Series  iii,  aectioB  N«. 
122. )  C.t,  corpus  trapezoideum  ;  Dec.  Br.  C&f^j.,  decussatio  brmchii  coigiiiirtiTi : 
Pec.Betht,  conimisHure  between  Bechterew's  nuclei ;  D.cn.r.^  dorsal  capank 
of  nucleus  rulwr;  F.a.i.,  flbPBB  arcuate  intemse  ;  Fa»e.  retro/.,  fiiaricolos  reCio^ 
flexus  Meynerti ;  F.l.m.,  fiwciculus  longitudinalis  medialis;  FA.^.,  bonfle 
continuous  with  the  fasciculus  lateralis  proprius  of  the  cord  ;  F.Lp.^d),  d«fs»l 
portion  of  bundle  continuous  with  fasciculus  lateralis  proprios  of  the  eoid: 
L.I.,  lemnisH'us  lateralis;  L.m.,  lemniscus  medialis;  AM//.,  radix  X.  oenVf^ 
motorii ;  N.Mot.l\  motor  root  of  N.  trigeminus;  K.V.,  sensoipr  root  of  S- 
trigemtnus ;  A^  VI.,  radix  N.  abduoentis ;  N.  VII.,  radix  N.  fiunalis,  pan  (f" 
cunda ;  N.  wj»f.,  ludix  N.  vestibuli ;  N.XL,  radix  N.  accessorii ;  X  JT/J.,  xato 
N.  hy|>oglossi ;  Nu.F.l.m.,  nucleus  fasciculi  longitudinalis  medialia.  or  as- 
cleua  commissunB  posterioris  (oberer  OcHlomoiaritMtem  of  Darksi^hewitirk  : 
Nn.n.III.m.,  pars  impar  of  nucleus  N.  oculomotorii ;  Nm.n^IIJ.i.^  pars  ]atenli» 
of  nucleus  N.  oculomotorii;  Nu.o.m.,  nucleus  olivaris  superior;  A'a-axT, 
nucleus  N.  ctrhleiB  ventralis;  A'u.o.i.,  nucleus  olivaris  inferior;  A«.o.«.b^ 
nucleus  olivaris  accef««orius  medialis ;  Tr.fr.nH.D.^  tract  from  Deiteis'  norirv 
to  the  spinal  cord.     ( Preparation  by  Dr.  John  HewetMon. ) 
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f'Bt 


NB- 


Fia.  483. — Hnrizontul  aecti  m  tliruagh  the  medulla  poiw  nnd  midhrain  of  new- 
born babe.  I*vel  of  stintuni  iuIcroh\are  lemnisci  corpus  tnpczoidFUiD  and 
nucleus  nibtr.  Wrifiert  Pal  Htaiuing  iSeriex  in  -riCtiuii  No  136  1  (.1  ror- 
pus  ttHfKtoidr-mn :  iier  Br  t onj  dffussatio  biwhii  conjunclni  D  I  d«cu»- 
Hatjolegueiiti  ventntliH  ( central  teft'i'^olBl  <lecui<Bati  >n  of  Fore  I )  f  a  i  {J)ec.l.), 
fibne  arc'UatiG  intvrnw  (dcrunnitici  iLinniscoruui)  Fl  fihreb  continuouBnitli 
the  ftinkulu9  lateralio  of  the  spinal  cord     Flm    bacKtilm  langitudinalis 

S.III.,  railiK  y.  orulomotoni  JV  Vol  I  mntor  rant  of  V  trigeniinuii ; 
A'..Sni,r.,  sennory  root  of  N  trigeiniQUH  A  lllHeock)  radii  N  eoihliie; 
!f.VIII.imt.l.ndist,  TL'Stlbali  A  H  mdi\  N  abducentin  A  III  radix 
S.  raeialk  pan  seciinda  \  \II  radix  N  hn>OKl««^  An/in  nueleus 
bscicul)  lon^tudinnlis  miHlialis.  or  nuileus  rnniniiKHUne  piMknoru  toifrer 
OadoniOariiviieTn  of  Darki«,hewit«rh )  Amu  /f/  nucleus  \  oculomotorli ; 
A'tt.o.a.a..  nucleus  olivaris  nccraeiirius  meitiahs  \«  o  i  nucleus  olivans  in- 
ferior; A'«.o.».,  nuekus  nlivann  superior  An  mftn'  nucUus  ruber  I9.ij.. 
strstam  interollvare  lemnuici  ^  n  Hubstantia  nigra  (Prepaistion  b;  Dr. 
John  HewetMD. ) 
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ly  and  Isterallj  (Fig.  463)  as  regards  the  nucleos  nerri  ocnlo- 
motorii,  and  in  frontal  sections  appearing  to  be  dorsally  piued 
aa  regards  the  latter  (Fig.  463),  stands  in  very  intimate  codimc- 
tion  with  the  white  fibres  of  no  less  than  three  areas.  In  thf 
first  place  it  is  directly  associated  with  the  white  fibr^  of  tie 
fasciculna  longitndinalis  medialis ;  in  the  second  place  it  if  in 
the  direct  course  of  the  fibres  (distal  or  ventral  part  of  postericr 


Fio.  463. — TraiiBVprse  BM?tion  through  meHencephsIoD.  c«llicu1i  Euprriomi'ni- 
porft  quftdriKCtoina  HDci  furebisl  peduocle  of  newborn  babe.  iWeipn-ftl 
wrips  ii.  BGctioQ  So.  384. )  Aq.err.,  aqnednctuB  <«rebri :  Coll.iMp..  oillinil* 
superior ;  D.L,  <lecu>«atio  tcgmenti  dorralU  ( fontaintartige  UauieHtrrmmiJ 
Hcynertj :  F.l.m.,  faaciculua  lon^tudiuslis  medialis:  F-Pjl-,  fkHckali  tJi* 
midales  id  the  basis  pedanculi;  F.t.(M).  fosriiMilUH  retrofleiDS  iitjitiv. 
/„«.,  lemniscUH  mediHliB :  A'n.F.f.m.,  nucleus  fBurii-uli  lon^tadiniilii  v^ 
^is  or  DUcleuH  commimane  podterions  (oterer  OculomoloriHikrrn  of  Ikrkjr^ 
witscb):  Nu.n.IIl,  nucleus  N.  aculomotorii :  Kit,r,,  DDcleus  ruber;  S.W. 
N.  ocnlomutorius ;  Sl.aii.p.,  stratum  album  profundom ;  .ll.irr.r..  itna* 
griaeum  centiale :  ^.n.,  subebintia  Digin  :  ■,  regina  of  FlerhEifE's  HMHcUn^' 
A  temporu-occipital  tract  to  pons;  y,  noDtal  tract  from  pBllinm  to  pi* 
(Preporation  by  Ih-.  John  Hewctsou.) 

commissure)  which  extend  from  the  superior  collicalus  oftli' 
corpora  quadrigemina  of  one  Bide  across  the  roof  of  the  sqw* 
duct  of  Sylvius  to  the  region  of  the  faseiculos  longitadinite 
medialis  of  the  opposite  side.  In  the  third  place,  ventral  to  ^ 
nucleus  of  Darkschewitsch  is  a  mass  of  white  fibres  whicfa  o- 
tends  from  the  region  of  the  nucleus  ventralward  and  fronti'- 
ward  and  somewhat  lateralward,  so  as  to  pass  between  the  mtii''' 
line  and  the  fasciculuB  retroflexua  (Meynerti).     The  nndeiu'' 
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Darkschewitsch  is  intercalated,  as  it  were,  as  a  nodal  point  at 
the  junction  of  these  three  masses  of  fibres.  The  nucleus  of 
Darkschewitsch  has  a  very  definite  outline  just  anterior  to  the 
nuclei  of  the  third  nerve,  but  farther  anterior,  just  medial  to 
the  place  where  Meynert's  bundle  merges  into  the  red  nucleus, 
the  nucleus  of  Darkschewitsch  comes  into  relation  with  the 
gray  matter  of  the  anterior  capsule  of  the  red  nucleus,  and  a 
small  bundle  of  fibres,  apparently  belonging  to  the  fasciculus 
longitudinalis  medialis,  can  be  followed  beyond  the  nucleus  of 
Darkschewitsch  to  the  ventral  portion  of  the  capsule  (F.  Sabin). 
It  is  very  difl&cult  to  say  from  the  study  of  Weigert  preparations 
how  many  of  the  fibres  ventral  to  the  nucleus  of  Darkschewitsch 
represent  continuations  of  the  fasciculis  longitudinalis  medialis, 
and  how  many  represent  continuations  of  the  bundle  of  fibres 
of  the  commissure.  Nor  is  it  possible  to  say,  from  Weigert 
preparations  alone,  how  many  fibres  from  the  opposite  superior 
coUiculus  go  past  the  nucleus  of  Darkschewitsch  without  end- 
ing in  it  to  enter  the  fasciculus  longitudinalis  medialis.  The 
best  Golgi  studies  of  this  region  are  those  of  Held  and  van  Ge- 
huchten.*  The  comparative  anatomy  is  dealt  with  by  Edinger. 
A  full  description,  which,  however,  is  not  altogether  satisfac- 
tory, is  given  by  von  Kdlliker. 

Miss  Gertrude  Stein,  who  is  now  studying  a  series  of  sagittal 
sections  through  this  region  from  the  brain  of  a  babe  a  few  weeks 
old,  describes  the  nucleus  of  Darkschewitsch  as  follows:  **The  nu- 
cleus is  more  or  less  conical  in  shape.    It  lies  dorso-medial  from 
the  red  nucleus,  being  about  as  thick  in  a  dorso-ventral  direction  as 
is  the  dorsal  capsule  of  the  red  nucleus  in  which  it  lies.    At  this 
period  of  medullation  the  commissura  posterior  cerebri,  considered 
simply  topographically  (that  is,  as  a  medullated  fibre-mass  without 
particular  reference  to  the  course  of  the  fibres),  appears  as  a  dorso- 
ventral  bundle,  solid  in  the  middle,-  subdivided  dorsally  into  an 
anterior  (proximal)  portion  and  a  posterior  (distal)  portion,  while 
ventrally  it  expands  in  the  form  of  a  hollow  pyramid,  which  rests 
directly  upon  the  nucleus  of  Darkschewitsch.''    As  to  the  bundle  of 
fibres  described  above  as  being  situated  ventral  to  the  nucleus,  and 
X)a8sing  forward  and  ventralward.  Miss  Stein  in  the  brain  she  is 
studying  can  follow  the  fibres  only  as  far  as  the  fasciculus  retro- 


*  van  Qehuchten,  A.  Le  ganglion  basal,  la  commissure  post-hab^nulaire, 
■le  faisceau  longitudinal  post^rieur  et  les  cellules  m^uUaires  dorsales  du 
^evraxe  de  la  Salamandre.    Verhandl.  d.  anat.  Gesellsch.,  Jena,  Bd.  xi  (1898). 
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CHAPTER  XLIX. 

CENTRIPETAL   AXOKES   IN   THE   FORMATIO   RETICULARIS. 

Forers  Haubenfasdkeln — Honegger's  hintere  Ldngsbundel-farmatton — 
Central  paths  of  vagal,  glossopharyngeal,  and  trigeminal  nerves — 
Fasciculi  tegmenti  centrales. 

(c)  The  Tormmtio  Rstienlaris  Alba, 

As  to  the  upward  continuations  of  longitudinal  bundles  of 
fibres  in  the  formatio  reticularis  we  have  also  little  information 
that  is  definite.  It  has  been  shown  by  von  Monakow  that,  after 
extensive  defect  in  the  hemisphere  of  the  dog,  degeneration  of 
Forel's  Haubenfascikeln^  and  of  many  other  fibres  in  the  for- 
matio reticularis,  results.  The  change  is  that  of  simple  atrophy 
rather  than  of  actual  degeneration. 

It  has  been  observed  in  human  cases  as  well  as  in  experi- 
mental animals,  so  that  there  can  be  but  little  doubt  that  many 
of  these  longitudinal  bands  of  the  formatio  reticularis  are  con- 
nected by  means  of  neurones  of  a  higher  order  with  the  cerebral 
cortex.  Just  where  the  medullated  axones  of  the  formatio  retic- 
ularis end  is  not  certain.  But  it  seems  probable  that  the  place 
may  be  the  hypothalamic  region,  or  the  ventral  group  of  nuclei 
of  the  thalamus,  and  that  a  new  neurone  thence  sends  an  axone 
out  through  the  internal  capsule  to  the  cerebral  cortex.  It  seems 
probable  that  Honegger's  hintere  Ldngsbundelformation  is  to 
be  here  included.  The  bundles  described  by  Honegger  do  not 
coincide  with  the  fasciculus  longitudinalis  medialis,  but  include 
the  longitudinal  bands  of  the  formatio  reticularis,  which  go  be- 
tween the  two  brachia  conjunctiva  dorsal  to  the  decussation,  and 
beyond  the  red  nucleus  into  the  hypothalamic  region.  They 
become  mingled  with  the  frontal  and  medial  bundles  of  the 
capsule  of  white  matter  which  surrounds  the  red  nucleus. 
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nuclei  tenniiiales  of  the  X.  yagns,  the  X.  glo6BophainigeB5.dy 
N.  Testtbuli,  and  pofldblj  also  the  N.  trigemmiis.  It  is  dxsnli^ 
that  as  soon  as  possible  these  bundles,  which  haTe  b«en  locili«^ 
by  Oolgi's  method  (Figs.  464  and  465),  should  be  sitisfacttf^ 
topographically  located  in  Weigert-Pal  preparations  of  tk 
medullated  formatio  reticularis. 

The  fasciculus  tegmenti  centralis  (centrcUe  HavheMk*)^ 
the  Oermans)  may  contain  some  centripetal  fibres,  but  the  ees- 
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<UB  of  opinion  is  that  ita  fibres  are  in  the  main  descending. 
I  described  in  Chapter  LVIII. 


cHlulla  OblongBis,  e(*„  Brealer.  I,eipz..  1890,  5.  71.  Fig,  30.)  A,  f.nniatio 
tdcnlaria  griaen  in  whkh  the  lateral  wntnil  puth  <aionc8  of  centripetal 
^'Uroncs  of  the  fwconil  order  connetlcd  with  the  N.  veatihali)  liefl ;  B,  lateral 
"lion  of  the  nuclpUH  N,  voitihuli  Bpinalis ;  C,  niiyl<Bl  portion  of  the  same ; 
tractuH  spinalis  N.  triKeniini ;  P,  corpaa  ruKtirornie  ;  a,  h.  cells  the  aionea 
'Which  run  ti}  the  lateral  central  veetibnlar  path  ;  d,  cells  the  aiones  of 
bich  go  lateialwarii;  r,  /.  aiones  which  nin  to  the  raphe.  The  letter  c 
aicatestlioaioneH. 


CHAPTER  L 


OS  THE  H 

juycnrrM,  axd  the  radiatioss  of 

TermiojUK/fi  of  fibres  of  bradiiiim  eon 
nuclefi«i — ^Scadj  of  seooDdarr 
Sonuntbetic  ans  of  the  eortez. 


We  hare  seen  tbst  the  nuijoritT  of  the  fibres  m  tk 
chium  conjunctiTam  do  not  extend  fartlier  ccr^elmhrBid  ^ 
the  red  nncleiifl.  The  nuijoritr  of  the  constituent  fibres  of  <i^ 
brachiam  eonjunctinun  partly  arise  bat  mamlj  end  in  tkni^ 
nnclens.  There  is  some  eridence  that  a  few  of  tbca  exsoii 
beyond  the  red  nucleus,  joining  the  other  white  fibres  Btagd 
on  the  lateral  surface  of  this  body  (Fig.  3^4). 

The  study  of  serial  sections  through  the  brain  of  the  v** 
bom  baby  stained  by  Weigert's  method  shows  mednllated  fiiRS 
forming  a  rery  distinct  capsule  to  the  red  nnclens.  Tka 
fibres  are  most  abundant  anterior  to  the  red  nnclens  and  oe  icf 
lateral  side,  although  large  numbers  are  also  present  iipoB# 
dorsal  surface  of  the  nucleus.  Relatively  few  mednllated  BKf» 
exist  ventral  to  the  nucleus  at  birth,  though  in  the  adnh  witf 
exist  here.  It  is  customary  to  divide  the  capenle  of  tbe  rd 
nucleus,  therefore,  into  a  lateral  portion,  a  frontal  ptvtiiv. » 
dorsal  portion,  and  a  ventral  portion  (t^ig.  323  and  Rg.  3:?*|. 

The  lateral  portion  of  the  capsule  of  tbe  red  nudens  «fl^ 
sponds  to  the  bundle  which  Forel  designated  as  BATkia^ 
represents  a  part  at  least  of  Flechsig's  Haubefistraklmng.  ft  » 
the  bundle  described  by  von  Monakow  as  ImRK,  As  hss  !*» 
pointed  out  above,  it  lies  close  to  the  medial  surface  of  the  ip- 


♦  ITaubenittrahlung,  Ausfdrahlungen  des  rothen  Kerttes  of  th«  G<n*»* 
Capsule  du  noyau  rouge,  radiations  de  la  calotte  of  the  French. 
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tion  of  the  main  portion  of  the  lemniscus,  but  it 
gaishable  from  this  bundle.  There  are  certainly 
ong  these  fibres.  Anterior  to  the  red  nucleus  the 
ifferent  portions  of  its  capsule  enter  into  a  com- 
3  "  field  H  "  of  Forel.  The  further  continuation 
s  still  a  matter  of  dispute. 

kow's  experiments  have  shown  that  if  a  whole 
)  removed  two  sorts  of  changes  take  place  in  the 
ig  considered — (1)  actual  secondary  degeneration 
!  atrophy.  The  total  reduction  in  volume  of  the 
to  about  one  half  after  total  defect  of  one  hemi- 
»rently,  the  part  of  the  cerebral  cortex  chiefly 
rectly  or  indirectly,  with  the  radiations  of  the 
3  the  region  of  the  central  gyri  and  the  opercu- 
ssible  that  some  of  the  fibres  are  connected  with 
I  with  the  anterior  portion  of  the  parietal  lobe.* 
ire  how  many  fibres  in  Forel's  "  field  H  "  ascend 
lies  situated  in  the  red  nucleus  or  gray  masses 
riorly  situated)  nor  how  many  descend  (from  cell 
basal  ganglia  or  in  the  cerebral  cortex),  nor  how 
3tly  connected  with  the  cortex,  nor  how  many  are 
nected  with  it  by  means  of  neurones  of  other 
probable  that  fibres  pass  in  both  directions  be- 
^ion  of  the  red  nucleus  and  the  cortex,  and  it 

that  a  part  of  the  fibres  extend  through  the 
)  without  interruption.  These,  in  all  probability, 
rhich  undergo  total  absorption  after  a  defect  in 
ch  has  existed  a  long  time.  They  appear  to  cor- 
part  of  the  dorsal  and  anterior  portions  of  the 

red  nucleus.  On  the  other  hand,  a  great  many 
ng  fibres,  in  all  probability,  end  free  in  the  hypo- 
m  and  in  the  thalamus  (Mingazzini,  Dejerine), 
cted  with  the  cortex,  if  at  all,  only  by  means  of 

higher  order.  It  seems  probable  that  the  fibres 
ateral  and  ventral  portions  of  the  capsule  of  the 
re  here  to  be  considered.    Von  Monakow  sug- 

fibres  forming  the  dorsal  capsule  of  the  red  nu- 


r  cases  of  atrophy  of  the  red  nucleus  after  cortical  lesions 
bed,  one  by  Plechsig  and  Hoesel,  one  by  Mahaini,  one  by 
id  one  by  the  Dejerines. 
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cleus  are  identical  with  Honegger's  hintere   Ldngsbund^w- 
mation. 

An  observation  by  the  Dejerines  is  so  important  in  tbk 
connection  that  it  deserves  more  than  passing  notice.*  Hkt 
had  the  good  fortune  to  obtain  for  study  the  nervous  systa 
from  a  man  fifty-three  years  old,  who  had  for  eleven  jesnse^ 
fered  from  a  right-sided  hemiplegia  with  total  aphasia,  h 
autopsy  there  was  found  a  very  extensive  lesion  of  the  cetM 
cortex  involving  the  whole  external  face  of  the  left  hemisfkR 
and  the  orbital  surface  of  the  frontal  lobe  without  injuijiotk 
central  ganglia.     There  were  multiple  secondary  degenentieii 
There  was  not  only  a  degeneration  of  all  the  projectioii  iilra 
of  cortical  origin,  but  also  a  total  degeneration  of  the  fibs  af 
the  internal  capsule,  of  the  foot  of  the  cerebral  pedua^d 
the  substantia  nigra,  and   of  a  portion   of  the  red  nocieft 
They  were  able  to  follow  in  this  case  very  exactly  the  mnti 
the  bundles  of  fibres  which  they  believed  to  pass  nninterniptad^ 
between  the  red  nucleus  and  the  cerebral  cortex  {Jibres  arli» 
rubriques  directes).     They  could  identify  them  below  tlie  it 
generated  fibres  of  the  internal  capsule  in  the  upper  put  of  tk 
hypothalamic  region,  whence  the  degenerated  area  eite«W 
inward,  passed  between  the  geniculate  bodies  on  the  one  »fe  I  k 
and  the  bundle  of  Turck  on  the  other,  and  occupied  an  irref"- 1  n 
lar  zone  outside  the  central  gray  substance  of  the  third  Teiit^  1  e 
cle — a  position  which  corresponds  evidently  to  the  uppff  !**  I  ^■ 
of  the  capsule  of  the  red  nucleus  and  which  is  situated  betted  |  i\ 
the  fasciculus  retroflexus  of  Meynert  and  the  bundle  BAlli* 
Forel.     The  degeneration  of  these  fibres,  which  fonn  a  p*^ 
of  the  radiations  of  the  red  nucleus,  could  be  followed  int«w 
whole  of  the  dorsal  and  anterior  portion  of  the  red  nnck* 
The  ventral  and  posterior  part  of  the  nucleus  was  nomi* 
was  also  the  brachium  conjunctivum.     Not  all  of  the  ^ 
part  of  the  red  nucleus  was  deprived  of  fibres.    On  its  dw* 
anterior,  and  lateral  surface  the  thalamic  contingent  rf* 
radiations  showed  undegenerated  fibres,  and  one  conld  »^ 
case  easily  decide,  therefore,  which  of  the  radiations  bel(»r 
to  the  thalamus  and  which  belonged  to  the  cerebral  coritt 

♦  Dejerine,  J.,  et  Mine.  J.  Dejerine.  Siir  les  connexions  da  now"'* 
avec  la  corticalite  c^r^brale.  Compt.  rend.  Soc.  de  biol.,  Pa^i  ^^*'^' 
(1895),  pp.  226-230. 
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sen  the  cortex  of  one  cerebellar  hemisphere  and  that 
posite  cerebral  hemisphere  two  paths,  therefore,  in  all 
)j  exist,  one  consisting  of  three  superimposed  neu- 
e  other  of  four.  The  neurones  of  the  more  direct 
Id  include  (1)  a  neurone  the  axone  of  which  extends 
cerebellar  cortex  to  the  nucleus  dentatus ;  (2)  a  neu- 
axone  of  which  extends  from  the  nucleus  dentatus 
;he  brachium  conjunctivum  and  its  decussation  to  the 
3US  of  the  opposite  side;  (3)  a  neurone  with  the 
ending  from  the  red  nucleus  to  the  cerebral  cortex. 
;s  direct  path  four  neurones  would  be  involved :  (1)  a 
vith  axone  extending  from  the  cerebellar  cortex  to 
(US  dentatus ;  (2)  a  neurone  connecting  the  nucleus 
with  the  opposite  red  nucleus  by  way  of  the  brachium 
vum ;  (3)  a  neurone  connecting  the  red  nucleus  with 
halamus  or  thalamus ;  (4)  a  neurone  connecting  the 
imic  region,  or  the  thalamus,  with  the  cerebral  cortex, 
id  suggest  that  the  term  "  somaesthetic  area  "  ♦  be  re- 
•  all  those  regions  of  the  cortex  which  receive  centrip- 
3ssions  from  these  central  sensory  conduction  paths, 
w^ay  of  the  lemniscus,  by  way  of  the  f  ormatio  reticu- 
way  of  the  fasciculus  longitudinalis  medialis,  or  by 
e  upward  continuation  of  the  brachium  conjunctivum 
adiations  from  the  red  nucleus,  and  whether  the  con- 
e  directly  from  these  bundles,  or  indirectly  by  means 
es  of  a  higher  order  interposed. 


KQrperfahUphdre  of  Munk  and  Flechsig. 


6.  Central  Centripetal  Azonee  puiiiig  through  the  Internal  O^nle  (Certieaptti 
Projection  Venronei  of  the  General  Bomwiihet&e  QondnetioB  Fith). 


CHAPTER  LI. 

Embiyological  raeraberment — Plechsig's  system  No.  T — System  Na  B- 
System  No.  Ill — liSsumS  of  somfBsthetic  conduction  paths. 

From  what  has  heen  said  in  the  foregoing  chapters,  it  will 
be  plain  that  we  are  in  urgent  need  of  more  exact  knoirl«l|f 
concerning  the  sensory  paths  from  the  tegmental  portion  fi( 
the  cerebral  peduncle  to  the  cerebral  cortex.  It  is  certain  tint 
a  large  majority  of  the  fibres  are  interrupted  (nearly  all  of  tie 
lemniscus,  probably  all  of  the  fibres  of  the  fasciculus  longitofi- 
nalis  medialis,  many  of  the  fibres  of  the  brachium  conjunctini, 
and  radiations  of  the  red  nucleus).  It  seems  likely  that  a  put 
of  the  fibres  pass  directly  out  to  the  cortex  (possibly  a  portka 
of  the  lemniscus,  many  of  the  fibres  from  the  radiation  of  the 
red  nucleus).  The  stations  intercalated  in  the  path  areofnther 
wide  area  (ventro-lateral  group  of  nuclei  for  the  thaLMnns,f<? 
the  lemniscus,  gray  matter  of  hypothalamic  region,  ofTenti^ 
lateral  portions  of  the  thalamus,  and  possibly  of  Luys'  bo^- 
and  the  centre  midian  of  Luys  for  the  fibres  of  the  other  bsfr 
dies).  Secondary  degenerations  show  a  different  path  thrwKfe 
the  internal  capsule  for  different  portions  of  these  centripf^ 
fibres  from  these  various  intermediate  stations.  ThuB,»i"^ 
they  all  pass  through  the  posterior  portion  of  the  pars  occipit*i» 
of  the  internal  capsule,  still  in  this  region  it  is  possihletoa^ 
arate,  to  a  certain  extent  at  least,  the  area  corresponding  to  tl* 
axones  coming  from  the  intermediate  stations  connected  f^ 
the  lemniscus  from  the  areas  which  correspond  to  the  iati^ 
mediate  stations  belonging  to  the  radiations  of  the  red  nwi^ 

The   embryological   studies   of  Flechsig  dealing  with  tk* 

sensory  fibred  going  to  the  cerebral  cortex  may  be  mentiowi^ 

this  connection.     Flechsig  unfortunately  does  not  distiupj^ 

clearly  in  his  work  the  upward  continuations  of  the  lemni«f«^ 
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direct  or  indirect,  from  those  belonging  to  the  rftdlations  of  the 
red  nucleus,  etc.  He  groaps  the  large  mass  of  centripetal  fibres 
together,  and  states  that  passing  through  the  internal  capsule 
the  indirect  continuations  of  the  sensory  fibres  of  the  dorsal 
roots  of  the  spinal  and  cerebral  nerves  can  be  divided  into  three 
definite  systems,  which  become  medullated  at  different  periods. 
He  has  designated  these  three  systems  of  fibres,  according  to 


FiQ.  MS.— Satcittal  neotion  throUKli  the  hninan  brein;  schrautic.  (After  P. 
Flcchsig.  Div  LocaliRBtidn  d«r  eciNliKvn  VurKinnc.  I'tc..  L(.'1|)e.,  IflOH.  S.  H. 
Fig.  I.)  Op.  RlohuB  pallidUB  of  tin-  Itnliruhr  uucleus;  P.  putamcu  ;  .Vc, 
nnclcns  cBuclatiis;  J.A'.  Uti-ral  iiucleiis  uf  the  tbalaniun;  XA'. eup^hapcd  Uidy 
ot  thalamus  (•rhitlmfdrmiger  Korptr) ;  cw.  cmfiv  nMJan  nf  Luyx  of  thalamus : 
HK,  medial  oncleiu  aiiu  pulvinar;  r.  anti-riur  DuvleuB  uf  thalamus;  LK, 
I,  together  ipprewDt  Flechsig's  Tentru-Uleial  group  of  nuclei  of  the 
~~is;  RK,  T.  reprrM'tit  his  durau- medial  gniup  uf  uurlei ;  ci.  interual 
;  I..  nncloUB  hypothalBmlcus  ieurpus  Luysi) ;  f./.  duperior  Tnutal 
gyruB:  F.III,  inferior  frontal  gynin;  (IH.  Ryrun  hippocampi;  VC,  anterior 
central  gyrus ;  HC,  posterior  central  gyrus ;  SR,  aulrus  centralis  Rolandi ; 
Rop,  flulcUB  perietu^ccipitalis ;  Pi.ca,  Hwura  calearina  ;  1,  J,  I'.  I"',  seUHiry 
system  Sn.  i;  2,  i'.^'.i".  seniini^  aystem  No.  2;  .J.J.J".  nensiHT  system 
No.  3  :  diflTcreiit  kinds  of  dottni  lines  an-  imed  to  represent  these  three  sys- 
tems in  all  the  SKures.  The  curticupelal  withs  of  the  optie  thalamus  are 
repnwented  id  the  figure ;  the  eortic'ifugal  condurtion  patlis  of  the  dorso- 
medial  group  of  nuclei  of  the  thalamiiN.  the  motor  paths  of  the  cerebral 
eortei,  ele.,  are  not  shown.  The  arrangenient  of  the  pointa  in  the  ventro- 
lateral domain  of  the  tlialamus  is  schematic. 


the  order  of  their  medullation,  as  systems  I,  II,  and  III  (Figs. 
466-168}.     For  system  No'.  I  the  myelin  appears  at  about  the 
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beginning  of  the  ninth  foetal  month.  It  occupies  the  posterior 
part  of  the  internal  capsule,  and  in  its  upper  half  the  ares  im- 
mediately behind  the  fibres  of  the  pyramidal  tract.  The  fibra 
of  this  system  in  the  main  pass  up  from  the  basal  portioitf 
of  the  lateral  nucleus  of  the  thalamus,  the  cup-shaped  bodj 
{schalenformiger  Korper  of  Flechsig  and  von  Tschisch),  and  in 
part,  Flechsig  believes,  directly  out  of  the  medial  lemniftm 
They  are  distributed  exclusively  to  the  cortex  of  the  two  cen- 
tral gyri,  which  are  thus,  the  first  of  all,  the  regions  of  the  cortex 
to  become  connected  by  means  of  meduUated  fibres  with  tlie 


OSHU 


FiQ.  467.— Frontal  section  through  the  human  brain;  schematic  i After P 
Flechsig,  Die  Localisations dergeisti^enVorgange,  etc.,  Leipa..ia*,S.8^f)t 
2.)  /,  //,  ///,  first,  second,  and  third  portion  of  the  nucleus  leotififv*' 
LKy  lateral  nucleus  of  thalamus;  xK,  %K!  medial  nucleus  of  thalamBs;*^ 
nucleus  caudatus ;  L,  nucleus  hypothalamicus  (corpus  Luysi) ;  •iT.bw^ 
coi^unctivum  ;  o,  tractus  opticus ;  Am,  nucleus  amygdala  ;  fH  Foaa^^^ 
HC,  posterior  central  gyrus ;  G»m,  gyrus  supiamarginalis ;  Th  Til  T/il 
superior,  middle,  and  inferior  temporal  gyri ;  Q,  anterior  tiansvetK  tf"** 
gyrus;  o7\  gyrus  occipito-temporalis ;  Lp,  lobulus  paiuccntialis ;  5i.<^ 
callosum  ;  a,  auditory  conduction  path. 

sensory  apparatus  of  the  body.    The  fibres  of  this  syKteo  n^ 
marked  1',  1'  in  the  diagrams. 

A  few  of  the  fibres  of  this  system,  corresponding  to  the]>* 
terior  angle  of  the  lenticular  nucleus,  run  in  the  external  cip 
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sule,  and  in  the  most  posterior  part  of  the  lamina  meduUaris 
lateralis  of  the  lenticular  nucleus.    A  small  bundle  appears  to 


10.  468. — Horizontal  section  through  the  human  brain ;  schematic.  (After  P. 
Flechsig,  Die  Localisation  der  geistigen  Vorgange,  etc.,  Leipz.,  1896,  S.  23, 
Fig.  3.)  /,  77,  777,  first,  second,  and  third  portion  of  the  nucleus  lenti- 
formis ;  Nc,  nucleus  caudatus ;  LK,  lateral  nucleus  of  thalamus ;  tA",  medial 
nucleus  of  thalamus ;  cm,  centre  mSdian ;  P,  pulvinar ;  Jf,  fasciculus  retro- 
flexus  Meynerti  in  cross  section  ;  hC,  posterior  commissure  ;  Z,  pineal  body  ; 
i^,  pyramidal  tract;  A,  Arnold's  bundle  of  internal  capsule;  T,  sensory 
region  of  internal  capsule ;  a,  auditory  conduction  path ;  SG,  Gratiolet's 
radiation  (** Optic  radiation  in  the  wider  sense'');  «,  corticofugal  paths  of 
Gratiolet's  radiation ;  ^,  corticopetal  paths  of  Gratiolet's  radiation,  projec- 
tion fibres  of  the  lateral  geniculate  body ;  Q,  anterior  transverse  temporal 
gyrus  going  over  into  the  superior  temporal  gyrus ;  G«,  gyrus  subangularis ; 
Fit  superior  frontal  gyrus ;  Fill,  inferior  frontal  gyrus ;  Gf,  gyrus  fomicatus; 
SQ  subiculum  comu  Ammonis ;  77,  posterior  horn  of  lateral  ventricle ;  Op, 
crperculum;  Pm  (dotted),  cross  section  of  large  association  system  between 
BomiBsthetic  area  (central  gyri)  and  posterior  large  association  centre;  J, 
«ortez  of  island  of  Beil. 
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go  into  the  lower  part  of  the  optic  radiation  (1  +  ),  the  enet 
distribution  of  which  is  not  yet  certain. 

The  sensory  system  No.  II  begins  to  receive  its  myelin  about 
a  month  later  than  does  No.  J.  The  fibres  of  this  system  al» 
pass  out  of  the  lateral  nucleus  of  the  thalamus,  but  more  dor- 
sally.  A  few  of  them  issue  from  the  centre  tnSdian  of  Lays. 
Passing  upward,  they  are  distributed  in  part  to  the  central  grh. 
the  lobulus  paracentralis,  and  to  the  foot  of  the  superior  frontil 
gyrus.  Another  portion  of  them,  after  bending  around  at  an 
acute  angle  and  passing  inward,  becomes  distributed  to  tbe 
gyrus  fomicatus  along  its  whole  length.  The  most  posterior 
bundles  (2',  Fig.  466)  enter  into  the  cingulum  and  run  toward 
the  Ammon's  horn.  Still  later  another  bundle  belonging  to 
this  system  runs  from  the  lateral  nucleus  of  the  thalamus  Ymai- 
ward  and  enters  into  the  uncus,  and  arrives  from  in  front  and 
below  at  the  subiculum  cornu  Ammonis.  The  whole  of  the 
limbic  lobe  thus  comes  to  be  connected  with  the  lateral  nucleoi 
of  the  thalamus. 

The  sensory  system  Ko.  Ill,  the  last  to  become  mednllated, 
is  also  connected  with  the  lateral  nucleus  of  the  thalamus, 
emerging  from  the  anterior  portion  of  it.  It  enters  the  intenul 
capsule  in  about  its  middle  portion,  and  runs  in  part  dirwtlj 
to  the  foot  of  the  third  frontal  convolution,  another  part  curring 
markedly,  as  shown  in  the  diagram  (Fig.  466, 3,  3'),  before  reach- 
ing the  cortex.  Bundles  of  the  latter  run  from  the  region  of 
the  pyramidal  tract  forward  into  the  fasciculus  subcallosus,  and 
descend  at  the  anterior  margin  of  the  corpus  striatum  to  the 
third  frontal  convolution  (3').  The  fibres  of  a  second  groap 
pass  through  the  pars  frontalis  of  the  internal  capsule  into  the 
frontal  lobe  almost  as  far  as  the  pole,  and  then  bend  round  at 
an  acute  angle,  part  of  the  fibres  reaching  the  middle  portion 
of  the  gyrus  fomicatus  (3),  another  part  the  anterior  half  of 
the  superior  frontal  gyrus,  while  single  fibres  go  to  the  foot  of 
the  middle  frontal  gyrus. 

It  is  of  the  highest  importance,  in  order  that  the  results  of 
these  researches  of  Flechsig  and  those  of  the  study  of  secondair 
degenerations  may  be  satisfactorily  interpreted,  that  studies  by 
Golgi's  method  be  undertaken.  It  is  to  be  hoped  that  in  this 
way  a  more  exact  analysis  of  the  paths  under  consideration  may 
be  made,  so  that  ultimately  we  shall  be  able  to  state  positively 
the  exact  position  of  the  cell  bodies  and  axones  of  the  neurones 
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belonging  to  the  different  portions  of  the  complex  series  of 
neurone  systems  which  mediate  the  centripetal  conduction 
from  the  sensory  surfaces  of  the  body  toward  the  somaesthetic 
area  of  the  cerebral  cortex. 

Let  us  now  summarize  briefly  the  contents  of  the  chapters 
immediately  preceding,  bearing  on  the  somaesthetic  conduction 
path.  We  have  seen  that  it  consists  of  peripheral  centripetal 
neurones  (centripetal  neurones  of  the  first  order  of  the  spinal 
and  cerebral  nerves)  and  central  centripetal  neurones  (cen- 
tripetal neurones  of  the  second  order,  and  of  higher  orders). 

The  cell  bodies  and  peripheral  processes  of  the  peripheral 
centripetal  neurones  are  situated  outside  the  central  nervous 
system,  while  the  axones  plunge  into  the  nerve  centres  and  ter- 
minate in  the  nuclei  terminales  of  the  sensory  nerves.  In  these 
nuclei  terminales  are  situated  the  perikaryons  and  dendrites  of 
the  lowermost  central  centripetal  neurones,  and  their  axones 
carry  the  impulses  on  to  higher  centres.  Possibly  a  few  axones 
of  these  lowest  central  centripetal  neurones  go  as  far  as  the 
somaesthetic  area  of  the  cortex,  but  as  a  rule,  however,  they  ter- 
minate in  some  gray  mass  on  the  way  (mainly  the  thalamus), 
there  coming  into  conduction  relation  with  central  neurones  of 
a  still  higher  order,  whose  axones  carry  the  impulses  out  to  the 
BomaBsthetic  area  of  the  cortex.  The  simplest  somaesthetic  con- 
duction path  then  would  consist  of  at  least  two  superimposed 
neurone  systems— one  peripheral  centripetal  neurone  and  one 
central  centripetal  neurone.  In  all  probability  the  main  som- 
aesthetic conduction  path,  however,  consists  of  three  sets  of 
superimposed  neurone  systems — one  peripheral  centripetal  neu- 
rone, one  lower  central  centripetal  neurone,  and  a  third  higher 
central  centripetal  neurone.  In  addition,  in  the  possible  som- 
aesthetic conduction  paths  there  are  much  more  complex  super- 
impositions  in  the  domain  of  the  central  neurones,  so  that  from 
the  periphery  to  the  cortex  four,  five,  six,  ten,  or  perhaps  a 
great  number  of  neurone  systems  may  be  superimposed.  This 
is  especially  true  of  the  roundabout  somaesthetic  conduction 
paths  by  way  of  the  cerebellum. 

The  peripheral  centripetal  neurones  have  been  divided  into 
(1)  those  pertaining  to  the  spinal  cord  and  (2)  those  pertaining 
to  the  rhombencephalon.  The  central  axones  of  the  spinal 
peripheral  centripetal  neurones  end  in  their  nuclei  terminales 
in  the  spinal  cord,  medulla  oblongata,  and  cerebellum.     The 
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axones  of  the  central  centripetal  neurones  whose  perikaiyoni 
and  dendrites  correspond  to  the  nuclei  terminales  of  the  peripb- 
eral  spinal   centripetal  neurones  do  not  all   follow  the  same 
course ;  on  the  contrary,  they  assume  in  the  central  nerrons 
system  very  different  ascending  paths,  and  have  at  times  entirelj 
different  terminations;  in  other  words,  at  the  junction  of  the 
peripheral  spinal  centripetal  neurones  with  the  neurone  systems 
of  the  second  order  there  occurs  a  marked  divergence  mih^ 
somsesthetic  conduction  paths.     Leaving  out  of  account  the 
terminals  of  axones  and  collaterals  which  reach  the  ventnl 
horns  of  the  spinal  cord,  we  have  seen  that  many  axones  of 
spinal  centripetal  neurones  terminate  in  the  nucleus  doreali^ 
in  the  dorsal  horn  and  middle  part  of  the  gray  matter  of  the 
spinal  cord,  in  the  nucleus  funiculi  gracilis,  and  the  nucleos 
funiculi  cuneati  of  the  medulla,  and  some  even  in  the  cere- 
bellum.    The  axones  from  the  cells  in  the  nucleus  dorsalis 
ascend  in  the  fasciculus  spino-cerebellaris  dorso-lateralis  to  enter 
the  cerebellum  by  way  of  the  corpus  restif  orme,  and  to  termi- 
nate in  the  cortex  of  the  worm,  giving  off  collaterals  to  the 
nucleus  dentatus  as  the  fibres  pass  by  it.     The  axones  of  the 
central  centripetal  neurones  and  perikaryons,  which  are  situated 
in  the  dorsal  horn  and  in  the  middle  part  of  the  gray  matter 
of  the  cord,  ascend  partly  in  the  white  matter  of  the  same 
side  and  partly  in  the  white  matter  of  the   opposite  side  in 
the  fasciculus  ventro-lateralis  superficialis  Gowersi  and  in  the 
fasciculus  ventralis  et  lateralis  proprius.     These  axones  han 
various  terminations :  some,  as  we  have  seen,  run  in  Gowefs' 
tract  to  the  upper  part  of  the  pons  and  then  turn  back  dong^ 
side  of  the  brachium  conjunctivum  into  the  cerebellum  to  end 
in  the  worm,  others  turn  into  the  cerebellum  through  the  corp© 
restiforme,  still  others  terminate  in  the  coUiculi  of  the  corpon 
quadrigemina,  others  in  the  substantia   nigra,  othere  in  the 
thalamus,  and,  finally,  some  in  the  nucleus  lentiformis.    The 
fibres  of  the  fasciculus  lateralis  proprius  terminate  in  part  b 
the  nuclei  laterales  of  the  medulla,  in  part  in  the  fonnatio 
reticularis  grisea.     Some  of  these  axones  are  quite  long,  others 
are  very  short.    The  axones  of  the  fasciculus  ventralis  propria 
in  large  part  enter  the  fasciculus  longitudinalis  medialis,  and 
come  into  relation  with  the  motor  and  sensory  nuclei  and  greii 
reflex  centres  of  the  medulla  oblongata. 

The  axones  from  the  nucleus  funiculi  gracilis  and  froB 
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the  nucleus  funiculi  cuneati,  as  we  have  seen,  correspond  to  at 
least  four  neurone  systems  of  the  second  order,  two  of  them 
going  to  the  cerebellum  (1,  sy sterna  myele7icephal(h€erebellare 
cruciatum  ;  2,  sy sterna  myelencephalo-cerebellare  non-cruciatum)^ 
two  of  them  going  directly  to  the  cerebrum.  Of  the  latter,  one 
Bet  of  axones — the  main  set — end  in  the  ventro-lateral  group 
of  nuclei  of  the  thalamus  (1,  sy  sterna  lemniscale  myelencephalo- 
thalamicum).  The  axones  of  the  other  set  go  all  the  way  out 
to  the  cortex  of  the  pallium,  to  terminate,  according  to  Tscher- 
mak,  in  the  gray  matter  of  the  somassthetic  area  (2,  systema 
lemniscale  myelencephalo-pallialum).  On  their  way  these  axones 
to  the  cerebrum  give  off  collaterals  to  the  nucleus  olivaris  in- 
ferior, and  to  the  motor  and  reflex  nuclei  of  the  medulla  ob- 
longata, pons,  and  midbrain.  A  part  of  the  axones  undergo  a 
high  crossing  in  the  commissura  superior  of  Mejmert,  in  order 
to  enter  the  nucleus  lentiformis  of  the  opposite  side. 

Of  the  axones  which  pass  into  the  cerebellum,  we  have  to 
consider  (1)  those  which  go  directly  from  the  spinal  cord  to  the 
cerebellum,  and  (2)  those  which  go  from  the  nuclei  of  the  me- 
dulla into  the  cerebellum.     Among  the  latter  may  be  classed 
certain  axones  from  the  nuclei  of  the  dorsal  funiculi,  the  nuclei 
funiculi  lateralis,  and  the  nucleus  olivaris  inferior.     The  axones 
on  entering  the  cerebellum  terminate  in  the  cortex  of  that  organ, 
and  also  come  into  manifold  relation  by  means  of  collaterals 
with  the  nucleus  dentatus  and  adjacent  gray  masses,  probably 
of  both  sides.      The  fibres  from  the  nucleus  olivaris  inferior 
to  the  cerebellum  form  the  so-called  fibrae  olivo-ccrebellares. 
From  the  regions  of  the  cerebellum,  in  turn,  in  which  the  fibres 
mentioned  terminate,  there  proceed  axones  of  neurone  systems 
of  a  higher  order  which  extend  cerebralward — namely,  those  of 
the  brachium  conjunctivum,  most  of  which  terminate  in  the 
Xiucleus  ruber  of  the  opposite  side,  some  beyond  this  nucleus, 
some,  however,  going  to  the  thalamus  of  the  same  side.    From 
tihe  nucleus  ruber  of  each  side  there  go  out  axones  of  neurone 
systems  which  extend  in  the  main  to  the  nucleus  lentiformis 
^nd  to  the  somaesthetic  area  of  the  cortex.     These  make  up  in 
Xarge  part  the  "  radiations  of  the  nucleus  ruber." 

From  the  ventro-lateral  region  of  the  thalamus,  in  which  so 
93iany  axones  of  the  central  neurones  of  the  somaesthetic  con- 
duction path  terminate,  there  extend  neurone  systems  to  the 
somaesthetic  area  of  the  cortex — systems  which  can  be  subdi- 
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vided  into  three  great  groups,  according  to  their  period 

linization.    (System  No.  I,  System  No.  II,  sod  System  '. 

The  peripheral  neurones  pertaining  to  the  rhomb 


18.— Scheme  of  generat  somossthetii'  paths ;  IcttcriDg  Ihr  a 
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Ion  concerned  in  the  conduction  of  bodily  impulses  end  in  the 
nuclei  terminales  of  the  sensory  cerebral  nerves.  The  axones, 
as  we  have  seen,  correspond  to  those  of  the  N.  vagus,  X.  glosso- 
pharyngeus,  N.  vestibuli,  and  N.  trigemini.  The  axones  of  the 
central  neurones,  which  belong  here,  enter  partly  the  lemniscus 
medialis  and  partly  the  fasciculus  longitudinalis  medialis — that 
is  to  say,  they  run  in  company  with  the  principal  bundles  of 
the  centripetal  axones  of  the  spinal  somaesthetic  conduction 
path.  For  certain  of  the  cerebral  sensory  nerves,  however, 
there  are  especial  central  bundles  in  the  formatio  reticularis 
that  have  been  pointed  out  in  their  appropriate  connection. 
(Cf.  central  paths  for  the  N.  vagus,  N.  glossopharyngeus,  N. 
intermedins,  N.  vestibuli,  and  N.  trigeminus.)  It  is  not  impos- 
sible that  some  of  the  cerebral  nerves  also  make  roundabout 
conduction  paths  by  way  of  the  cerebellum  and  brachium  con- 
junctivum.  From  the  cerebral  peduncle  on,  it  has  not  been 
possible  thus  far  to  distinguish  the  central  paths  of  the  cerebral 
nerves  from  those  which  correspond  to  the  spinal  nerves. 

These  manifold  distributions  of  central  axones  and  collater- 
als in  the  spinal  cord  and  rhombencephalon  render  possible  the 
enormous  number  of  conduction  relations  necessary  for  the 
construction  of  the  reflex  and  instinctive  mechanisms  which 
are  associated  with  bodily  centripetal  impulses.  The  axones 
which  reach  the  so-called  somaesthctic  area  of  the  pallium  are 
in  turn  able  to  affect  association  neurones  which  combine  the 
activities  of  the  somsesthetic  area  with  those  of  the  other  sen- 
sory areas  of  the  cortex.  In  the  somaesthctic  area  are  situated 
also  the  perikaryons,  dendrites  of  the  motor  neurones,  the  ax- 
ones of  which  extend  from  the  pallium  to  the  groups  of  peri- 
karyons belonging  to  the  lower  motor  neurones  (motor  nuclei 
of  the  midbrain,  pons,  medulla  oblongata,  and  spinal  cord). 
It  is  thus  obvious  that  the  motor  conduction  paths  can  be 
affected  in  different  parts  of  their  course  by  way  of  the  various 
sets  of  superimposed  neurone  systems  of  the  somaBsthetic  con- 
duction path.  The  lower  motor  neurones  are,  by  means  of  col- 
laterals at  least,  in  direct  conduction  relation  with  the  periph- 
eral centripetal  neurones ;  the  sensory  neurones  of  the  second 
order  come,  by  means  chiefly  of  collaterals,  into  conduction 
relation  with  the  large  nerve  cells  of  the  formatio  reticularis, 
the  axones  of  which  in  turn  can  affect  the  lower  motor  neurones, 
while  the  higher  central  centripetal  somsesthetic  neurones  can 
49 
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directly,  in  all  probability,  affect  through  the  conducti 
tions  which  are  established  in  the  somsesthetic  area  the  nt 
whose  axones  form  the  pyramidal  tract.  Finally,  it  seem 
that  from  the  association  centres  of  the  cerebral  corte] 
are  on  the  one  hand  thrown  under  the  influence  of  the 
thetic  area  as  well  as  under  the  influence  of  the  othe 
areas  of  the  cortex,  paths  may  go  out  to  reach  the  mot 
of  the  cortex  again,  and  thence  by  way  of  the  pyramid 
affect  the  groups  of  lower  motor  neurones.  When  one 
the  possibilities  of  communication  between  sensory  m 
on  the  one  hand  and  motor  neurones  on  the  other  hand,  i 
thus  far  established,  and  thinks  of  the  infinite  number 
munications  which  may  yet  be  demonstrated,  the  intima 
tions  of  these  sets  of  neurones  with  one  another  becom( 
astounding. 

Particular  attention  is  directed  to  two  great  subdiyis 
the  somsBsthetic  conduction  paths — Ay  the  paths  from  i 
riphery  to  the  cortex  but  not  passing  through  the  cereb 
and  B,  the  less  direct  paths  by  way  of  the  cerebellum  and 
ium  conjunctiyum.  Here  anatomical  knowledge  is  n& 
advance  of  physiological  research  and  of  clinical  applio 
but  we  may  hope  that  the  near  future  has  much  to  rere«l 
coming  the  respective  functions  of  these  different  paths. 

A  scheme  illustrating  some  of  the  better  known  neni 
systems  of  the  general  sensory  path  from  the  peripheir  to 
cortex  is  given  in  Figs.  469,  470,  and  471. 


<B)  Central  Neurones  of  Sensory  Conduction  Paths  Corresponding 

to  the  Organs  of  Special  Sense. 

We  have  now  to  pass  on  to  the  neurones  of  the  second  order 
and  of  higher  orders  which  conduct  centripetally  in  connection 
with  the  paths  which  have  to  do  with  the  organs  of  special 
sense — namely,  the  sense  of  taste,  the  sense  of  smell,  the  sense 
of  sight,  and  the  sense  of  hearing.  Although  on  superficial 
examination  these  paths  are  very  different  from  those  conduct- 
ing to  the  somsesthetic  region  of  the  cortex,  we  shall  find  on 
closer  examination  many  analogies. 


CHAPTER  LII. 

CENTRAL   KEURONES   OF  THE   GUSTATORY    AKD  OLFACTORY 

CONDUCTION   PATHS. 

Central  giistAtory  neurones — Central  olfactory  neurones — Structure  of  rhin- 
encephalon — Studies  of  Sir  William  Turner — Studies  of  W.  His — 
Studies  of  Retzius — Bulbus  olfactorius — Tractus  olfactorius — Stri« 
olfactoriaB — Commissura  anterior  cerebri — Olfactory  terminals  in  the 
frontal  and  temporal  lobes — Olfactory  association  and  reflex  paths. 

i.  Centntl  Neurones  of  the  Gustatory  Conduction  Pa.th, 

Our  knowledge  of  these  paths  is  incomplete  and  extremely 
unsatisfactory.  Turner,*  in  reviewing  the  subject,  finds  dis- 
agreement among  investigators  as  to  the  peripheral  gustatory 
neurones  and  almost  complete  ignorance  as  regards  the  central 
gustatory  neurones.  For  the  pathology  of  taste  sensations  the 
excellent  epitome  of  Frankl-Hochwart  f  is  recommended.  The 
diagrams  on  page  528  may  also  be  referred  to. 


♦  Turner,  W.  A.    Note  on  the  Course  of  the  Fibres  of  Taste.    Edinb.  M.  J., 
vol  1,  n.  s.  (1897).  p.  74. 

f  Article  in  Nothnagel's  Spez.  Path.  u.  Therap.,  Abth.  iv,  Theil  ii,  Bd.  xi, 
Wien.  1897. 
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Jjutfmaeh  i«  the  olfaetoiy  oondnction  pasth  is  the  & 
iQ  the  forebrain  connected  with  the  epeciaJ  sesnae  oq 
become  mediillated  in  die  dereloping  faimiflii  fsBtstL. 
appropmtelj  be  first  oonsidered.  We  hsTe  mhmmdr 
theaxonefi  of  the  periphenl  olfactory  nenrcMiei 
the  olfactory  glomeruli  of  the  olfactory  bnlh.  It  if 
aary  to  examine  the  neorones  and  their  Tmiioiif  jiiuum  if 
meanis  of  which  these  impulses,  arriTing  in  the  o3iact«rf  k3L 
are  carried  to  higher  parte  of  the  centrml  nerwoa^  pcsm. 
Before  proceeding  to  this  description,  howerer,  it  may  be  kb^ 
ful  to  refer  briefly  to  the  general  stracture  of  the  ^tham 
portion  of  the  brain« 

The  more  interesting  of  the  earlier  studies  upon  the  cofiii 
olfactory  stations  were  made  by  Broca,^  Schwalbe,f  and  Zvk- 
erkandl4  An  important  adyance  was  made  when  Sir  Wiffis 
Turner*  grouped  the  regions  especially  connected  with  * 
sense  of  smell  under  the  term  rhinencephalon,  thos  distingio^ 
ing  them  sharply  from  the  rest  of  the  forebrain  (the  paDiial. 
a  distinction  which  has  been  proved  by  His  |  to  be  embrTokci- 
cally  well  founded,  and  by  Edinger  to  agree  with  phylogaictk 
deyclopment. 

The  size  of  the  rhinencephalon  varies  enormoosly  in  diifera^ 

*  Broca,  P.  Ijocalisationsc^r^brales;  recherohes  sor  les  centres  oUaeti&. 
Rev.  d'ftnthrop.,  Par..  2.  »..  t.  ii  (1879).  pp.  385-455. 

f  Kchwalbe.  O.    Lehrbuch  der  Neurologie,  8vo,  ErUuigvn  (1881). 

X  Zuekerkaiidl.  E.  Das  periphere  Geruchsorgan  der  Sfiugvthieic;  9n. 
Stuttgart  (1887). — Das  RiechbQndel  des  Ammonshomes.  Anat.  Anx..  Jcai 
Bd.  iii  (1888).  S.  425-484. 

*  Cf.  Turner.  Sir  W.  The  Convolutions  of  the  Human  Cerebmin  Topo- 
graphically ConHidered.  Edinb.  M.  J.,  vol.  xi  (1865-*66).  pp.  1105-1123.  mi 
especially.  The  Convolutions  of  the  Brain;  A  Study  in  Comparative  Aoi^ 
omy.    J.  Anat.  and  Physiol..  Lond..  vol.  xxv  (1890-'91),  pp.  105-153. 

I  His.  W.  Die  Pormentwickelung  des  menschlichen  Vorderfaims  voa 
Ende  dei  ersten  bis  zum  Beginn  des  dritten  Monats.  Abhandl.  d.  matk- 
phys.  CI.  d.  k.  SOchs.  Ocsellsch.  d.  Wissenscb.,  Leipz.,  Bd.  zr  (1889),  S.  6^ 
786.— 2^ur  allgeroeinon  Morphologie  des  Gehims.  Arch.  f.  Anat  oaA 
Physiol..  Anat.  Abth..  Leipz.  (1892),  S.  346-^83.— Ueber  die  EntwickeluB^ 
des  Riechlappens.  Verhandl.  d.  Anat.  Qes.  (1893).  In  this  counectioo  «« 
also  Minot.  C.  S.  The  Olfactory  Lobes.  Report  of  the  Sixty-sixth  MeetiHT 
of  the  British  Association  for  the  Advancement  of  Science  at  Liveipool  m 
1896.  p.  836. 
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animals,  corresponding  to  the  marked  differences  which  they 
exhibit  as  regards  the  olfactory  sense.  Animals  were  divided 
by  Broca  into  an  anosmatic  and  an  osmatic  class.  The  latter 
group  was  further  subdivided  by  Sir  William  Turner  into 
microsmatic  and  macrosmatic  animals.  The  rhinencephalon  in 
microsmatic  animals  is  relatively  feebly  developed,  and  to  this 
group  human  beings  belong.  The  general  relations  of  the 
rhinencephalon  are  accordingly  much  more  easily  studied  in 
lower  animals  than  in  man,  and,  as  a  matter  of  fact,  for  a  long 
time  the  nature  of  certain  portions  of  the  human  brain  now 
recognized  as  remnants  of  the  olfactory  brain  was  not  at  all 
understood.  In  order  to  gain  a  clear  conception  of  the  relations 
of  the  various  parts  of  the  rhinencephalon  to  one  another  and 
to  the  pallium  in  man  it  is  probably  best  to  study  the  develop- 
ment. 

His,  of  Leipzig,  has  shown  that  the  developing  olfactory 
brain  becomes  separated  at  the  beginning  of  the  second  month 
from  the  anterior  end  of  the  hemisphere  and  appears  as  a  pro- 
jection near  the  lamina  terminalis.  Between  the  pallium  and 
the  rhinencephalum  there  is  a  distinct  furrow  which  Sir  William 
Turner  has  designated  the  fissura  rhinica.  At  a  very  early 
period  the  rhinencephalon  thus  marked  off  is  subdivided  by  an 
indentation  (the  fissura  prima,  which  is  especially  marked  on 
its  medial  surface)  into  an  anterior  half  (directed  more  dorsal- 
ward)  and  a  posterior  half.  The  anterior  half  or  anterior 
olfactory  lobe  is  in  contact  with  the  region  which  is  to  be- 
come later  the  frontal  lobe ;  the  posterior  half  or  posterior 
olfactory  lobe  is  in  contact  with  what  is  to  be  later  the  tem- 
poral lobe  (Fig.  472).  Above  the  posterior  olfactory  lobe  the 
fossa  Sylvii  develops.  As  development  proceeds,  the  anterior 
olfactory  lobe  becomes  gradually  depressed  toward  the  base  of 
the  brain  by  the  growing  frontal  lobes  and  it  comes  finally  to 
occupy  a  plane  deeper  than  that  in  which  the  posterior  olfactory 
lobe  is  situated.  Each  of  the  two  olfactory  lobes  consists  of  a 
portion  directed  toward  the  base  and  of  a  portion  directed 
medialward.  From  the  basilar  portion  of  the  anterior  olfactory 
lobe  are  developed  the  bulbus  olfactorius,  the  tractus  olfactorius, 
and  the  trigonum  olfactorium,  all  of  which,  taken  together, 
make  up  what  is  known  as  the  "  lobus  olfactorius "  of  the 
anatomists.  The  basilar  portion  of  the  posterior  olfactory  lobe 
corresponds   to   the   substantia    perforata    lateralis    which    is 
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definitely  characterized  by  its  position  at  the  entrance  to  tlie 
fossa  Sylvii  and  by  its  connection  with  the  gyrua  hippocampi  of 
the  temporal  lobe.    It  becomes  in  later  development  oTcnrched 


^  ^ 

% 


Fig.  472. — Scheme  showing  the  rt^Uitions  of  the  auterior  and  posterior  dfiiddT 
lobes  to  one  another  and  to  the  h)be8  of  the  cerebral  hemisphere  in  difcr* 


corpus  striatum. 


secondarily  by  the  pole  of  the  temporal  lobe.     Medial  ward  ifef 
substantia  perforata  lateralis  is  continuous  with  the  gyros  ^^ 
callosus  (medial  portion  of  the  posterior  olfactory  lobe),  whB 
in  the  adult  human  brain  is  a  somewhat  indefinite  strnctnff. 
although  in  the  human  foetus  it  is  a  very  well-marked  mor|te' 
logical  entity.     The  gyrus  subcallosus    (pedunculus  coipo» 
callosi)  is  in  front  separated  from  the  medial  portion  of  tk 
anterior  olfactory  lobe  (area  parolf actoria  Brocae)  by  a  deep  is- 
dentation,   the   so-called   sulcus  parolfactorius   posterior  {^ 
fissura  prima  of  the  embryo).     The  furrow  which  eepmt^ 
Broca's  field  from  the  beginning  of  the  gyrus  cinguli  and  ffc^ 
accordingly  is  situated  in  front  of  the  trigonom  olfaet<ffissi 
and  of  the  area  of  Broca  has  been  called  by  His  the  sulcus  |* 
olfactorius  anterior.    In  the  adult  the  junction  of  thesnteUB^ 
perforata  lateralis  with  the  island  of  Reil  is  not  very  idiM 
limited,  but  in  the  human  foetus  at  about  the  fourth  month  tss 
junction  is  sharply  marked  off  by  an  arched  ridge,*  which  c*- 

*  Broca's  le  hord  falciforme  du  lobe  limhique^  Schwalbe's  Imdi^^t*^ 
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nects  the  anterior  olfactory  lobe  with  the  temporal  lobe.  The 
region,  therefore,  known  as  the  limen  insulce  in  the  adult  is  to  be 
considered  as  a  part  of  the  rhinencephalon.  The  following  table 
shows  at  a  glance  the  various  parts  of  the  rhinencephalon  as 
described  by  His : 

Rhinencephalon  according  to  His. 

i  Bui  bus  olfactorius. 
,  Pars  basilaris  .  j  Tractus  olfactorius. 

Lobus  olfactorius  anterior. .  ^  '  Trigonum  olfactorium. 

'  Pars  medialis  .  ^  Stria  medialis. 

}  Area  parolfactoria  (Brocie). 

,   .        ,.  ,    .       (  Pars  basilaris  =  Substantia  perforata  anterior. 

Lobus  olfactorius  posterior.  |  p^^  ^^^^.^,.^  ^  ^^^^  subcallosus. 

The  anterior  olfactory  lobe  is  connected  with  the  posterior 
by  means  of  the  stria  olfactoria  lateralis  and  the  limen  insulae. 

The  best  recent  microscopic  study  of  the  structures  belong- 
to  the  rhinencephalon  is  that  of  Retzius,  of  Stockholm.*  He 
calls  the  area  parolfactoria  of  Broca  the  gyrus  olfactorius  medi- 


\ 


*■  — .  / 

Wig.  473. — The  basal  surface  of  a  human  foetus  22.5  cm.  long  (beginning  of  fifth 
month)  to  illustrate  developing  rhinencephalon.  (After  G.  Retzius,  Das 
Menschenhim,  Stockholm,  1896,  Taf.  xxxii.  Fig.  2. )  The  tractus  olfactorii 
are  developing ;  the  gyri  olfactorii  mediales  are  distinctly  visible ;  the  gyri 
olfactorii  laterales  run  lateralward,  turn  at  an  angle,  and  go  over  into  the 
gyri  semilunares  and  the  gyri  ambientes.  The  fissura  rhinica  separating  the 
rhinencephalon  from  the  lobus  temporalis  is  distinctly  developed ;  Ixisidea, 
one  can  see  the  triangular  area  terminalis  and  the  eminentia  saccularis 
.spread  out  with  its  lateral  wings  in  front  of  the  corpora  mammillaria,  the  lat- 
ter being  as  yet  but  little  developed. 

^lis,  while  he  designates  as  gyrus  olfactorius  lateralis  the  region 
<2orresponding  to  the  course  of  the  lateral  olfactory  stria  and 

♦  Retzius,  G.    Das  Menschenhim.    Stockholm^  1896. 
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the  limen  iasulee  (Figs.  473, 474, and  475).  The  Uter&l  oUactwj 
gyrua,  directed  at  first  laterally  and  posteriorly,  makea  a  duip 
turn  backward  at  the  angulus  lateralis  and  goes  over  into  tie 
anterior  extremity  of  the  gyrus  hippocampi,  vhere  it  fonm  tn 
mionte  convolutions  which  Retzius  ealla  the  gyms  Bemiimura 


Flo.  474.— Purt  of  tlie  bosil  surface  of  tlie  brain  tnl  the  left  hfinu^f' Ji 
mtm  forty-thive  yttira  old,  Hvt-n  fnini  Ih^Iuw  and  to  the  rijthL  >Anrrl< 
Ri'Iziiu.  Dna  Henschpiihini,  Stuck  holm.  18B6.  Tat.  suii,  l''ie.  5. )  On  iHtv 
at  the  trigiinum  iilfHOturiuni  uni'  sreit  tht'  two  limbH  runniD;  out  iiWIh 
Kyriis  olfBcturiuii  mi-dialisaiid  thcKynia  ulfactoriiulalvntlUaDd  brhindlki 
thi>  somewhat  hulgiug  BUlxtaiitiu  pprfonitu  antrrjur.  on  the  [Hs(eTii;r  tat" 
u{  which  the  diagonal  hand  nt  BriK'a  paiwitiK  backnard  and  lalenlnri  ti" 
the  ^ynia  BubcallosUB  is  distinctly  visible.  In  the  grrus  behind  ftf  ** 
staiitia  perforata  anterior — i.  e..  in  the  gyruii  olrMOtunUK  Utenlis  wixt  < 
here  Hcparated  fnim  the  gyrus  transversUB  insulie — call  be  aren  tbr  riJ" 
stria  olflurt^iria  lat^'tulis  rnnning  lateralward  and  liaekward  wbrBUr 
beKinniugof  the  gynis  hippooinipl,  where  it  dimppcsirs:  the  atrimldiW 
inedtalis  plunxca  deep  into  the  substantia  perfonita  anterior.  On  Ibr  IT* 
hippcHSinpi  ean  be  recognized  medialward  an  ovul.  half-muoD-shipfd  ii" 
ing,  the  gyruM  aeniilunaris.  wbieh  in  Heparated  by  the  sulcus  scmimntlB* 
from  the  gyrus  auibiens,  more  laterally  placed. 

rhinencephali  and  the  gyrus  ambiens  rhinencephalt,  tb*  t" 
being  separated  from  one  another  by  a  shallow  furrow— tb** 
called  sulcus  semilunaris.  The  gyrus  ambiens  in  turn  i^^ 
rated  from  the  reat  of  the  gyrus  hippocampi  by  what  BrtaB 
calls  the  sulcus  rhinencephali  inferior  (Figs,  476  and  ^"' 
That  these  two  gyri  exist  in  the  region  of  the  uncna.  afid  ** 
easily  separable  from  it,  I  can  confirm  from  the  eiaminU''* 
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of  a  number  of  hemispheres  in  this  laboratory,  and  it  would 
aeem  very  probable  that  the  temporal  olfactory  area,  described 


.     , man  forty-three  yean 

(Afkr  G.  Retxiua.  Dus  Menschenhirn,  Stockholm.  IHOB.  Tuf.  ixiii. 
riK.  8.)  The  trattiut  cilfafWrii,  with  their  smniundiiiKB,  and  thf  gyri  iilfac- 
tnrii  medialen  et  latt'mlL'a  going  backward  froDi  tlioiu,  arc  well  Bern.  Thu 
gyri  ol&vlnrii  laltTaliMi  an>  diatjnrtly  lu'parsblG  on  each  side  Trnni  the  gynis 
traoBvenuA  ingulie.  Each  laWral  olfeetury  gyrun  contains  a  nell-marked 
atria  oirnrtiiria  lateralis.  In  thla  inslanee  a  well-marked  stria  intennudia  ia 
TJBible  plunging  intji  the  raurh-hulgedBUb8tantiai>erfofalaanterior.  Tlietwu 
olfacto^  trai'la  differ  in  length  and  antt'rinrly  spread  an  ' 
olfkcloni. 


0  the  bulbi 


gyrus  hippocampi  bends  aninnd  the  antcrli 

eampi  into  the  uneUB,  and  the  KyruH  intra..........u<i  ...... 

eod  of  the  unius;  the  border  of  the  latter  eorrespondt 
coinini ;  above  and  anteriorly  the  gyrus  intra! imbicus  is  . 
hillorklike  gynia  semilunariB  <il):  on  the  lert  the  ve 
over  into  the  cliorioitlal  layer  ;  beneath  this  the  fomii 
tata.    <  After  G.  Rctziua,  I^  Heuschenhim,  Stockholm, 


>j  Flechsig  and  other  anatomists  as  existing  in  the  uncus,  has 
n  reality  much  less  to  do  with  the  uncus  itself  than  has  been 
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thought,  and  really  concerns  these  two  small  gyri  which,  cai 
ously  enough,  before  Retzius^s  description  appear  to  have  \m 
entirely  overlooked. 


Fig.  477. — The  inferior  anterior  extremity  of  the  gyrus  hippocampi  frtan 
brain  of  a  fifty-nine-ye-ar-old  woman,  seen  from  above.     ( After  G.  Rtt 
Das  Menschenhim,  Stockholm,  1886,  Taf.  1,  Fig.  23. )    One  recojKntfw 
triangular  crest'en tic  gyrus  semilunaris  (»/\  which  is  se])anited  byaeorr- 
furrow ;  the  sulcus  semiannularis  (in  the  concavity  of  wliich  a  Dodair 
visible)  from  the  gyrus  ambiens  (a)  bending  around  the  uncus.    Behind 
uncus,  sharply  marked  off,  is  the  limbus  (fiacomini.  which  gties  over  nwdisll 
and  behind  into  the  posterior  limb  of  the  gyrus  semilunaris  and  i»  »i» 
posteriorly  by  a  shallow  furrow  from  the  gyrus  intTulinibicu.s.    MediaJ 
this  gyrus  is  attached  a  portion  of  the  fimbria,  and  medial  from  thisapii 
situated  the  lamella  of  the  plexus  chorioideus  perforated  by  vcasek  li'fl 
with  the  velum.    By  means  of  these  stnictun's  the  cavity  of  the  comu  i 
is  closed. 

The  various  parts  of  the  rhinencephalon  described  bjB* 
zius  are  here  presented  in  tabular  form : 

Classification  according  to  Retzius. 

1.  Bulhua  olfaetorius. 

2.  Tractua  olfaetorius, 

r  Stria  olfactoria  lateralis  to  pfl 

3.  Trigonum  olfaetorium  (gyrus  tuberis  J      olfaetorius  lateralis. 

olfactorii) |  Stria  olfactoria  medialis  to  fT^ 

^olfaetorius  niedialis. 

4.  Gyru8  olfaetorius  medialis Area  parol factoria  Broet 

r  Pars  anterior  =  Eberstaller  sgT* 
transversus  insula*  and  tbelis* 
insula?. 
Pars  posterior.  Extends  fwa  ^ 
gulus  lat-eralis  to  anteri«^'^ 
treinity  of  gyrus  hipp^^f 
and  terminates  in  lb?  fH^ 
semilunaris  rhinencepi*^'  ^ 
the  gyrus  ambiens. 


5.  Gyrus  olfaetorius  lateralis, 
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Gyrus  perforatus  (sen  intermedius)  j  Anterior,  much   perforated,  part 

rhinencephali i      of  substantia  perforata  anterior. 

'  Posterior,  less  perforated,  part  of 
substantia  perforata  anterior. 
Corresponds  to  the  diagonal 
band  of  Broca,  which  extends 
from  the  gyrus  subcallosus  to 
anterior  end  of  gyrus  hippo- 
campi. 


Oyrus  diagonal  is  rhinencephali  . 


.   Other  portions  of  rhinencephalon. 

(a)  Gyrus  hippocampi. 

(b)  Uncus. 

(c)  Gyrus  deniaius. 

•  (d)  Gyrus  intralimhietts, 

*  (e)  Gyrus  fasciolaris. 

(f)  Gyri  Andrea  Retzii. 

(g)  Indusium  griseum  (including  the  stria  longitudinalis  medialis  et 

lateralis). 
(h)  Gyri  subcallosi. 

The  bulbus  olfactorius  (anterior  extremity  of  the  lobus 
olfactorius  anterior  of  His)  is  relatively  much  smaller  in  man 
than  it  is  in  animals  like  the  dog  or  the  rabbit.  In  the  embryo 
there  is  a  central  cavity  in  the  olfactory  bulb  continuous 
through  the  olfactory  lobe  with  the  anterior  horn  of  the  lateral 
ventricle,  but  in  the  adult  human  being  this  cavity  is  obliter- 
ated, though  its  site  is  evident  in  coronal  sections,  being  marked 
by  the  presence  of  a  central  gelatinous  substance. 

Since  the  rabbit's  olfactory  bulb  has  been  very  carefully 
studied,  this  will  be  described  first,  and  the  human  bulb  com- 
pared with  it. 

The  Main  Bulb  in  the  Rabbit.* — Von  Kollikerf  describes  the 
rabbit's  olfactory  bulb  as  being  made  up  of  the  following  layers : 

(1)  Layer  of  olfactory  nerve  fibres. 

(2)  Stratum  glomerulorum,  containing  the  glomeruli  olfac- 
torii. 

(3)  Stratum  griseum. 

(a)  Stratum   moleeulare  sen   gclatinosum,  containing 
small  and  large  nerve  cells. 

(b)  Layer  of  mitral  cells. 

*  The  rabbit,  mouse,  and  cat  possess,  in  addition  to  a  main  olfactory  bulb, 
an  accessory  bulb  which  lies  on  the  dorso-medial  surface  of  the  posterior  end 
of  the  main  bulb  (von  Gudden,  von  Kdlliker). 

t  von  KOlliker.     Op.  eit.,  S.  693. 
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(4)  White  substance,  or  granule    layer,  containing  m< 
lated  nerve  fibres  and  large  numbers  of  minute  i 
cells,  the  so-call  "  olfactory  granules." 
These  layers  are  well  illustrated  in  Fig.  478,  taken  from 
Ealliker's  book. 


TroJ^  .^^^^''^'^.^^'t" 


// 
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Fig.  478. — Frontal  section  of  a  bulbus  olfactorius  of  a  yonng  '•^'^'*',5?C^ 
stain.  (After  A.  von  Kolliker,  Handbuch  der  (^webelehredes  Meiwn** 
ii,  Leipz.,  1896,  S.  694,  Fig.  747.)  Ca,  commissural  fibres;  ft,  fil»olad«» 
Glo.  glomeruli  olfiactorii ;  JtfZ,  mitral  cells ;  JV5,  accessory  balbnsolfiirt** 
8tr.gr ^  stratum  granuloeum  ;  Shr,m,  stratum  moleculare ;  Tr.oX  ^^^^v^ 
torius  lateralis;  Tr.o.m,  tractus  olfactorius  medialis;  VB,  ventriculw** 
olfactorii ;  gr.S^  substantia  grisea. 

Inside  the  layer  of  granules  mixed  with  white  fibres  i^ 
accumulated  the  main  bundles  of  medullated  axones,  those  «^ 
responding  to  the  stria  olfactoria  lateralis  (Tr.  o.  1.,  Fig^' ' 
and  the  stria  olfactoria  medialis  (Tr.  o.  m..  Fig.  478)  being  "Bf 
superficially  situated  than  the  fibres  which  form  the  ^ 
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~  (ea.  Fig.  478)  which  goes  to  the  anterior  commiBBure.  Tlie  ap- 
'  pe&rances  of  the  human  olfactory  bulb  are  well  shown  in  fron- 
tal section  in  Fig.  479  and  in  horizontal  section  in  Fig.  480. 
The  nature  of  the  different  parts  are  sufficiently  well  indicated 
in  the  legends  accompanying  the  figures,  and  further  descrip- 
tion here  is  unnecessary. 

The  olfactory  glomeruli  receive,  besides  the  terminals  of  the 
axones  of  the  olfactory  nerves,  extremely  numerous,  much 
branched  dendrites  from  the  mitral  cells  and  from  the  brush 


■4 


i 


7 


Fio.  47V.— TrauBverw  nvtion  of  the  human  halhun  ollWtoriiiii ;  WeiRprt  Ktain. 
(After  A.  von  Kolliker,  Handburh  dpr  (li^w.hcU'hre.  Bd.  ii.  Lfipz..  1896.  S. 
ess.  Fig.  751. )  Fo.  filu  ulfactoria ;  ill,  ghimenili  ulfiHlurii :  A*;.  Kmiiulp  layer ; 
M.  molecular  layer;  MZ,  mitral  wIIh;  rfir.S  dunal  white  layer  cut  trans- 
veCBcly ;  jTr-U,  inner  gray  nucleus ;  nrS.  ventral  white  layer  cut  transversely  : 
vFb.  bundle  of  white  fibrea. 

cells  of  the  olfactory  bulb.  It  is  these  dendrites  of  the  mitral 
cells  (Fig.  481)  and  of  the  brush  cells  (Fig.  iB'i)  which  take  up 
the  impulses  from  the  peripheral  olfactory  neurones  and  carry 
them  farther.  The  peripheral  sensory  neurones  do  not  come 
into  contact  directly  with  the  cell  bodies  of  the  mitral  cells,  but 
can  affect  these  and  their  axones  only  through  the  intermediation 
of  the  dendrites.  The  axonea  of  the  Xn.  olfactorii  are  easily  dis- 
tinguishable from  the  dendriteB  of  the  mitral  cells  in  sections 
which  demonstrate  the  neurosomes,  since  the  latter  are  much 
more  numerous  in  the  axones  than  in  the  dendrites  (Fig.  483). 
The  axones  of  the  mitral  cells  and  of  the  brush  cells  are  medul- 
lated  and  run  backward  in  the  tractus  oifactoriua  toward  the 
main  mass  of  the  brain.  Un  assuming  a  longitudinal  direction 
they  give  off  a  number  of  collaterals  to  the  stratum  moleculare. 
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These  fibres  can  be  divided  into  two  sets  in  the  olfact 
of  human  beings — a  superficial  set  consisting  of  the  fibi 


Fio.  4H0,— Horizontal  section  throuRh  the  bulbus  nai  tnotus  olGunnrrB 
Wdgert's stain.  <  Afl.'r  A.  v.iii  Kolliker,  Uaudbuth  derCn-wbt'kbn 
Leipz.,  1S99,  S.  609.  Fig.  T53. 1  Bo,  bulbus  uiructoriuit;  S,  Wrartu" 
blint!  sffiptum  ;  Tr.u,  IractUB  olfat'turius  ;  jr.^,  iglauiU  of  gnl  ■' 
ii^ir''.  anterior  biindlv  of  white  BubstHUec. 

later  form  the  lateral  and  medial  olfactory  stric,  sod  > 
set  consisting  of  fibres  which  run  into  the  anterior  p«rti 
anterior  commissure  of  the  cerebrum  (Fig.  484).  Th*rei> 
of  the  mitral  cells  and  brush  cells  to  the  individiul  ol" 
glomeruli  vary  in  different  animals.  Thus,  in  the  c»t  »< 
bit  each  glomerulus  receives  only  one  dendrite  from » ' 
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mitral  cell,  while  in  the  dog  one  glomerulus  may  receive  den- 
drites from  as  many  as  five  or  six  mitral  cells.  The  nature  of 
the  olfactory  granules  (Fig.  485)  is  as  yet  not  well  understood. 
The  fibres  destined  for  the  commissure  as  they  pass  back- 
ward occupy  the  dorsal  part  of  the  tract  and  gradually  collect 
into  a  bundle  which  U  round  in  cross  section  and  which  enters 
directly  into  the  anterior  commissure  forming  its  pars  ante- 
rior. The  fibres  of  the  stria  olfactoria  lateralis,  which  includes 
the  main   mass  of  olfactory  fibres  (Fig.  486),  pass  backward 


—Mitral  ctlla  rrom 

T  A.  von  Ki>lliki.-r.  Hnudbuch  dcr  GcwplHlt-firo,  Bd.  li,  I>4pi;., 

704,  PiK.  756. )     />.  ilondriti's  of  initrHl  ccIIh  which  runu  u  horionibil  lityvr ; 

M.  ditp  mitral  ™lis ;  il\  »u|iurflfial  niitnil  cells ;  n,  aioucs ;  Rii,  ulfortory 


and  outward  first  on  the  lateral  side  of  the  substantia  per- 
forata anterior,  and  then  backward  and  medialward  (cor- 
responding to  the  posterior  part  of  the  gyrus  olfactorius  lal^ 
eralis),  to  terminate  apparently  exclusively  in  the  molecular 
layer,  mainly  in  the  cortex  of  the  uncus  (Flechsig's  /ewi/iorate 
Riechsphare).  According  to  Flechsig,  the  portion  of  the  uncus 
in  which  the  olfactory  fibres  terminate  has  a  peculiar  structure 
in  that  just  beneath  the  uppermost  layer  {poor  in  cells)  there 
exists  a  layer  of  "granules  "  (Korner)  which  agrees  entirely  in 
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atracture  with  the  nnclear  layer  of  Ammon's  horn,  and  isdM 
is  GontinuoiiB  with  it.     As  above  mentioned,  we  may  have  ( 


PlQ,  t82.— Bulbus  iilfw.toriugof  a  moaHe  tn-intr-foUT  days  old.  MeUiod  ilt^ 
(After  A.  von  Kdlliker.  HBodbuch  di  r  Gvwebelehn-.  Bd.  U.  iMf..  t*  - 
TOT,  Fig.  798.)  C,  <-ollatei»lB :  (II,  glomeruli;  Jf.  mitnl  rclLi ;  JT'."!'*' 
large  bniBh  erU  :  M'.  amall  brush  cell :  Up,  olfactory  brush  ;  n.  tiMt- 

deal  here  with  the  gyrua  Bemiliinarie  and  the  gyrm  tn/i"' 
rather  than  with  the  uncus  proper.  On  their  way  t«  the  bk* 
the  olfactory  fibree  give  off  large  numberB  of  collaterals  »* 
double  pyramidal  cells  which  are  situated  in  the  ad ji«n' .""^ 
matter  of  the  rhinencephalon,  each  fibre  thns  eDterin?  i°^ 
relations  with  a  cerebral  zone  of  considerable  extent 

Of  the  fibres  which  run  toward  the  stria  medialis  muj"^ 
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ate  in  the  gruy  mutter  of  the  trigonum  olfactorium  (Gal- 
).•  In  the  gray  matter  of  this  region  the  cerebral  gtrnc- 
I  is  much  modified ;  here  are  situated  the  curious  "  olfactory 
ads"  which  were  seen  by  Ganser  but  were  first  carefully 
iribed  by  Calleja  {islofen  olfaiivos)  (Fig.  487).  Each  island, 
jisting  of  a  mass  of  pyramidal  cells  (closely  crowded  to- 


4^3. — A  glumunilUH  o1(HCti>riUB  Trom  h  young  cat;  method  of  Oolgi,  (Atler 
..  vuD  Kollikvr.  Handbuch  der  Gewebelehre  ivs  Menschen,  ltd.  ii,  Leips.. 
fea,  S.  701.  Fig.  T54J.  t\  flla  oiracturin  breaking  up  inlu  termiaal  bisDchea 
tiHidp  the  glomerulDs;  rr.  i.'HpillBiT  lilood-veKsels. 

.er  and  distorted  in  shape), receives  a  large  number  of  fibres 
;h  break  up  into  an  extremely  rich  end-plexns  among  the 


■  CbIIpJu,  C.     T>b  Re^on  oHaloris  del  cerebro.     .Madrid,  1H(K). 
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cells  (Fig.  488).  Some  fibres  from  the  medial  olfactor 
reach  the  gyrus  aubcallosns  and  the  basal  beginning  p 
the  gyrus  fomicatns  which  possesses  a  special  structure  i 
terized  by  the  presence  of  only  one  ganglion  cell  layer  { 
spindle  cells).  Others  positively  reach  the  septum  pelln 
and  go  by  way  of  the  fornix  to  Ammon's  horn.     The  nt 


Fin.  484.— Bulbuset  lobuBol&ctoriuBofarabblt  InhoriioDtal  wction:  ^i" 
Hlain.  (Aftur  A.  von  Kiiltilicr,  Handbuch  der  Gmrbelehrr.  Bd.  iL  H 
69T,Fig.7M.|  fio,  bulbUHOlbrtAriux;  Oi,  anDmimuia  «n»riot«i*; 
fils  oiriH;b)riB  ;  Gto.  Rlomcruli  olfiu-toril ;  Iji,  lobiis  olfacturius ;  *.  'J*' 
layer ;  MZ,  mitral  cells ;  A'e,  nucleus  caudatnii :  SaS.  tubstanta  •!"  * 
Sp,  septum  pelluridum ;  .'ilr  or,  atraUini  K^nulosum ;  Tr.e.  O"*"' 
toriiu  lateralis  ;   r'fl,  ventriculus  buibi ;    IH,  c«mu  aDtcrim  of  U*  •■ 

of  the  fibres  of  the  stria  medialie  are  connected  witli  i^" 
pa^olfactoria  of  Broca.     Thence,  by  means  of  neuronf* "' 
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— Three  olfkctory  Rmnulea  from  u  cat ;  metliod  of  Quigi.  The  cunUiun 
VII  glomeruli  aii<l  ot  revi-ml  InrRc  mitral  cella  are  indicated.  lAfter  A, 
Kolliker.  Uandbucb  dvr  <lKweU.'lehre,  Bd.  ii,  Lvipz..  1H06.  S.  713,  Fig. 
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in  man  tarn  :n  m«nT  sdIibLj^.  ^ti^'Y  ui^  b«a>i  <sf  zht  Baon 
rsD'iaca--',  ?irv-aklr.z  '^!>  i^<->>  f  ■>  ZT>»ip(i.  an.  anc^nair  jvi  <«f  bs 
mnr.ir.jr  to  :be  'fLfa-L-torir  fcdlb  tif  :iie  oppo^xti^  ^iki^.  liir  piMe- 
ri'ir.  m'lf*  nain>-n>Qi  rannina  t>>  terminate  in  ti»e  irrai  ^i?f" 

h  U  eriiiftnt,  cher*f»nr.  toat  the  axooe^  of  the  nutni  nfli 
and  of  iht  bmib  •-•-lU  i 'rLf^jk-rry  ^ensorr  neoroiies  of  i:be  «r- 
Mid  orilfrr.  21^  rt-^anU  their  wrmiiuls.  a'*^  widelv  diazibaiic 
ThftT  »;nd  in  differeni  paru  of  the  rfameD--«ptuloa  of  the  aat 
aide,  and  by  mean^  of  [he  anterior  coouiusenre  in  tbe  riuno- 
cephalon  of  the  oppfj^iie  ri-le.  Farther,  the  nrioos  panf  <Jiw 
rhtneniephaloD   are  connttied  manifoldly 


and  with  other  parts  of  the  brain.     When  the  nenrones  in  tbf 
gr&y  musses  in  the  traetus  olfactorius,  the  trigonam  olfactoriiUL 
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the  area  parolfactoria  (Brocie),  the  subotantia  perforata  ante- 
rior, the  gyros  olfactorius  lateralis,  etc.,  are  cousidered  in  all 


lo.  4S7.— Islands  of  pyramidal  cells  in  thr  tubcTcalum  olftartoriumof  the  nbbit; 
mi'thod  of  Giilgi.  (Aflf  r  C.  C^liida.  Iji  n>Blon  olfHtoris  dol  u'lfhni.  Madrid, 
1SS3.  p.  IB,  Fig.  «.>  J,  citernal  molecular  layer;  B.  islands  uf  pyramidal 
cells;  !),  nerve  flbres  runnine  in  k>  end  in  thi^>le  iHlands ;  a.  (\isirnrm  cell 
vilh  amending  axono  :  b,  (nuitiiTm  cell  vith  dcsi'ending  ainne ;  c,  siunt^  uf 
vuriouswlls;  r.  fusifurm  cells  uf  molecular  layer. 


parts  of  which  flxones  of  npurones  of  the  second  order  appear 
to  terminate,  the  enormous  number  of  olfactory  neurones  of 
the  third  and  of  higher  orders  may  be  vaguely  appreciated. 

Some  interesting  connections  of  these  portions  of  the  rhi- 
nencephalon  with  otlier  parts  of  the  brain  have  already  been 
made  out,  though  we  are  far  from  the  possession  of  any  ade- 
quate or  exhaustive  knowledge  of  all  the  relations  which  exist. 

Thns  there  are  manifold  connections  between  the  uncaa  (or 
perhaps  the  gyrus  semiannularis  and  gyms  ambieiis,  viife  supra) 
and  the  hippocampus  (rornu  ammotih)  {infra.  Fig.  489).  The 
nucleus  amygdalae  doubtless  receives  similar  fibres.  While  there 
is  no  doubt  about  the  intimate  union  of  the  hippocampus  with  the 
olfactory  paths,  there  is  still  dispute  as  to  whether  the  former 
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belongs  to  the  rhinencephalon  in  the  strict  senBe,  or  whethn, 
aa  many  thick,  it  representB  a  portion  of  the  pallium.   Tbt 


Fig,  488.— One  of  OiUeia's  udandH  in  the  olfactory  tnVrcle  of  the  nhML  'J*^ 
C.  (^llcJR.  la  region  olfubiria  del  cerebro.  &bdrid.  1893.  p.  15.  Fij.I  i 
molwultir  layer;  B,  layer  of  pymini<liil  cells;  C,  layer  of  polynioqilMios t* 
a,  cell  with  ssciMiiiing  axiH  cylinder ;  ft,  large  Benulnnar  cell :  c.  ""* 
aiones  ;  d.  cell  with  descending  aiiii  cylinder ;  f,  axone  which  fint  Man 
and  later  descends ;  /.  fusironn  cell  of  the  deep  layer;  jr.  large  ririlalxri 
with  descending  aionc. 

general  relations  are  well  shown  in  the  accompanying  diipia 
taken  from  Edioger'a  text-book  (Fig.  489).  The  hippocampos 
of  one  aide  is  connected  with  that  of  the  other  by  meanjolii* 
commisBura  hippocampi.* 

The  hippocampus  makes  important  connections  bj«J^ 
the  fornix  with  (a)  the  corpora  mammillaria ;  (b)  the  nncif" 
habenulce ;  and  ((■)  the  septum  pellucidum  and  lobns  ollactei* 

{ad  a)  The  axones  going  to  the  corpora  mammtllarii  fi^ 
through  the  whole  length  of  the  fornix  (corpus  f ornicif)  i^ 
arriving  in  it  from  the  pyramidal  cells  of  the  hippocampus  f? 
way  of  the  fimbria  bippocampi,f  the  subiculum  comn  amma* 
and  the  alveua.    In  the  columna  fomicia  the  fibres  are  amo^ 

*  Often  spoken  of  as  the  psalteriam  or  lyra. 

f  The  flmbria  hippocampi  ia  sometimss  spoken  of  as  the  lin^^" 
Von  KSlliker  calls  it  the  fornix  inferior. 
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1  several  bundles  which  can  be  easily  followed  to  the  corpus 
lammtUare.  Here  a  part  of  the  axones  end  by  ramifying  in 
nong  the  dendrites  and  coll  bodies  situated  in  the  naclens 
^edialts  corporis  mammillaris.  A  large  part  of  the  fibres,  how- 
'er,  form  a  knee  in  the  corpus  mammillare,  and  then,  appar- 
itly,  cross  over  to  the  opposite  aide,  on  the  dorsal  and  posterior 
ipects  of  the  corpora  mamm;l]aria  (tanzer)  The  further  fate 
■  the  crossed  fibres  is  itill  ntt  satisfactorily  settled  According 
I   Ganser  they  appear  to  go  farther  csudalward,  in  the  teg 


o-  *89.— Section  through  the  base  of  the  bmin  and  the  hippocatnpna  lying  be- 
tiMith  it.  lAfler  L.  Edinger,  Nerviise  Crntmiorgane,  V.  Aufl.,  Leipz.,  1896,  8. 
2S5,  Fig.  IMj    Plexua  chorioidcus  made  Himpler  than  the  actual. 

'ntam  of  the  pedunculis  cerebri.     Other  observers,  among 
axti  Ton   Gudden  and   von   Kolliker,  follow  them  running 
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dorsalward  between  the  fasciculi  retroflexi  to  become  lost  in 
this  region.  The  last-mentioned  investigator  *  inclines  to  tbt 
belief  that  they  end  in  the  nucleus  nervi  oculomotoiii,  or  in 
the  nucleus  ruber,  or  in  both.  It  is  not  impossible  th&t  ther 
terminate  in  the  stratum  griseum  centrale,  since  von  Monakow  t 
found  this  gray  matter  atrophic  on  the  left  side  canckl  froo 
the  corpus  mammillare  in  a  case  of  atrophy  of  the  fornix  a 
the  right  side. 

Ramon  y  Cajal,  however,  does  not  find  any  decossation  of 
the  Golumna3  fornicis  such  as  Ganser  and  others  describe. 

By  means  of  the  neurones,  the  cell  bodies  of  which  are  sts- 
ated  in  the  corpora  mammillaria,  other  important  centres  dij 
be  brought  under  the  influence  of  the  central  conduction  jutb 
of  the  olfactory  apparatus.  Each  corpus  mammillare  cona^ 
of  at  least  two  nuclei — (1)  a  large  medial  nucleus,  representinf 
the  main  mass ;  and  (2)  a  smaller  lateral  nucleus,  which  occu- 
pies an  area  corresponding  to  the  anterior  half  of  the  medifc 
nucleus.  It  has  for  a  long  time  been  known  that  the  corps 
mammillare  is  connected  with  the  nucleus  anterior  thjiliuni  1^ 
the  fasciculus  thalamomammillaris  (or  bundle  of  Vicq  d'Aiyri 
and  with  both  the  tegmental  and  basilar  portions  of  the  cert- 
bral  peduncle  by  means  of  the  fasciculi  pedunculomammiI]ir& 
Neurologists  working  with  Weigert's  method  early  noticed  tlat 
the  bundle  of  Vicq  d'Azyr  always  fused  with  the  tegmenal 
bundle  before  entering  the  corpus  mammillare.  All  beDefid 
however,  that  the  two  fasciculi  had  a  separate  origin  h  ^ 
corpus  mammillare.  In  this  region  again  the  method  of  Golfi. 
as  applied  by  Ramon  y  Cajal,  has  been  of  service,  since  it  I* 
made  it  possible  to  demonstrate  beyond  controversy  tb«tt^ 
pars  tegmentalis  of  the  fasciculi  pedunculomammilkres  u^ 
the  fasciculus  thalamomammillaris  (Vicq  d'Azyri)  repress- 
medullated  axones  which  belong  to  the  same  set  of  neuroDe*' 
indeed,  are  but  the  representatives  of  the  two  limbs  of  »f** 
like  bifurcation  which  the  stem  axones  of  the  cells  of  iJmb^ 
cleus  medialis  corporis  mammillaris  undergo.     The  cells  (rf^ 


♦  von  Kolliker,  A.     Op.  ciL,  S.  530. 

f  von  Monakow,  C.  Experimentelle  und  pathologisch  an*toiiu«^^^ 
tersuchungen  ueber  die  Beziehungen  der  sogenaDoten  SehsphirendefiS^ 
oorticalen  Opticuscentren  und  zum  N.  opticus.  Arch.  f.  PsychiitiJ^** 
kr..  Berl.,  Bd.  xvi  (1885),  *S.  181. 
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medial  nucleus  are,  according  to  Ramon  y  Cajal,*  small,  epindle- 
ehaped,  stellate,  or  triangular  cells,  which  are  provided  with 
much-branching  dendrites,  and  give  off  delicate  axones  difficult 
to  follow  on  account  of  their  tortuous  course.    The  cell  bodies 


FlO,  490.— Oronp  nf  cells  rrom  tbe  pare  medutlis  of  the  DQctniui  corporis  nutm- 
millariai>r»  chilli,  n.  axunifs.  (After  A.  ™n  Kolliker,  Uandbuch  il«r  Oo- 
irebelehre.  Bd.  ii.  Leipz.,  1886,  S.  JXt9.  FU.  esu.t 

and  dendrites  have  been  successfully  impregnated  in  human 
tissue  (Pig.  490).  Their  asones  pass  dorsalward  and  somewhat 
lateralward.  In  a  region  outside  the  corpus  mammillare,  each 
bifurcates  (Fig.  491)  into  an  anterior  process  runuing  to  the 
nucleus  anterior  thalami,  and  a  posterior,  usually  more  delicate 

*  lUmdn  ;  Cajsl,  S.     Beitrag  lum  Studium  dar  MeilulU  oblongsU,  etc 
DeiiUch  Ton  Brealer,  Leipz.  (18M},  a  111. 
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proceBB,  looking  almost  like  a  collateral  branch  which  pts 
caudalward,  to  enter  the  tegmental  bundle  of  the  item 
peduncdlomammillBreB.* 


FlU.  461.— Sngitlal  section  through  the  medial  part  of  thp  corpus  nanmill* 
of  ft  newborn  nuntae.  (After  S.  Bomfin  j  (^a1.  Boitnu  idid  StsdiuM 
Medulla  OblongatB,  etc..  Breoler,  l*ipz.,  1896,  S.  111.  tig.  MLI  J."<" 
portion  of  nurlciucarporiHinainmilUris:  B.axunesof  the  cells  tafaRitM' 
form  two  different  bundles:  C,  dseirulus  pedunculo-mammillarU pm** 
meatsliB  {Haubenbutultl  of  Ton  Guddt'n) :  D,  axonra  of  vehite  rqMk:t 
commiaiiura  inUrmaminilbiriB ;  F.  anterior  region  of  nui'leiu  cmibtbM* 
millariB,  pars  miidialiB:  r.  fawieulUBthalamo-mnminilUris  Viciid*.Up:; 
collalt'ial  from  aione  of  c&p«iile:  b,  su|H-rfl<dal  Bpindle-nhaptd  nll:r.'° 
the  aione  of  which  goea  into  the  bundle  B  and  bifurcates,  aeadipf  i"  '■■ 
into  V.  the  other  into  P. 

*  von  KOIIiker  has  conflrmed  the  work  of  RAm6n  j  l'aJBl,4nil*t^ 
at  the  laboratorj  in  Baltimore  tteen  able  to  see  precisely  similv  fktf* 
ugittitl  sections  of  the  embryo  pig.  The  description  ^ven  :o  thf  lUl^ 
tor  the  mouse.  In  the  rabbit  the  branch  of  bifurcation  going  to  lt<°t 
mental  bundle  is  stouter  than  that  entering  the  fasciculus  IhaUmooV 
laris.     VoD  KSlliker  suggests  that  the  bundle  of  stem  axones  be  c^'* 
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The  medullated  axoces  of  the  fasciculus  thalamomammil- 
laris  (Yicq  d'Azyr)  pass  dorsalward  and  somewhat  frontalward 
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longitndinaliH  mvdialia  ;  b.  axone*  of  cells  uf  nut'leun  ruhi'rwbicb  pass  dorsal- 
waid.  Latent  from  the  nurleua  N.  ocuto^mcitorii  one  bmti  relh  the  aioui-a  of 
which,  nrter  Kivinn  nlf  collat4:i«1>i  to  tbc  Httstum  grideum  crntrBle.  turn  to 
rnn  limgitudinally  in  tlie  formatio  n-tii^uiaria. 

foKieulut  mammillaria  princrpa,  and  that  the  bundles  corresponding  to  the 
two  limlis  o[  bifurcation  be  called  the  fatcieutiui  IhalamomammiUaris  and 
the  fateieulttg  legmenlomammiltarit  respectivel}'. 
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toward  the  nucleus  anterior  thalami,  where  the  fibres  direip 
to  come  into  contact  with  all  portions  of  the  nucleus.  The 
indiyidual  axones  inside  the  nucleus  break  up  into  nomenHB 
terminal  branches  which  ramify  freely  in  among  the  ceU  bodis 
and  dendrites  situated  there. 

The  medullated  axones  of  the  pars  tegmentalis  of  the  f» 
ciculi  pedunculomammillares  {Hauhenhundel  of  von  Guddenl 
pass  caudalward  into  the  tegmentum  of  the  cerebral  peduncle 
Their  ultimate  destiny  is  still  obscure.     Von  Gudden  *  IjelicTed 
the  bundle  to  be  connected  with  the  ganglion  profundmn  t^ 
menti,  which  he  described  in  the  rabbit,  but  this  nucleof  is 
not  well  marked  in  human  beings.     The  axones  have  been  fol- 
lowed by  Ramon  y  Cajal  in  the  mouse  as  extremely  fine  film 
through  the  red  nucleus  down  into  the  pons  in  the  regioo  i 
the  corpus  trapezoideum,  where  this  tegmental  bundle  can  stil! 
be  made  out  as  a  few  fine  fibres  lying  ventral  to  the  fasdcolBi 
longitudinalis  medialis.     Collaterals  are  given  off  to  the  mediii 
side  of  the  red  nucleus  in  passing.    He  finds,  further,  a  demf 
sation  of  many  of  the  axones  of  the  bundle  near  the  plane  is 
which  is  situated   the  decussatio    brachii   conjunctiyi.    Tliii 
decussation  may  be  designated  the  middle  decussation  of  the 
tegmentum,  inasmuch  as  it  lies  between  the  dorsal  decnssitiia 
(Meynert's  fontaineartige  Hauhenkreuzung)  and  the  veBtnl 
decussation  (Forel's  ventrale  Hauhenkreuzung)  (Fig.  492). 

Held's  studies  of  the  region  of  the  decussationes  tegmenJi 
are  among  the  most  interesting  that  have  been  pnblisW 
Three  of  the  figures  accompanying  his  article  are  here  rep 
duced  (Figs.  493,  494,  and  495). 

The  axones  of  the  nucleus  lateralis  corporis  mammillarJ 
help  to  make  up  the  pars  basiluris  of  the  fasciculi  pedaBCulfr 
mammillares.  This  bundle  of  medullated  axones,  often  spoke 
of  as  the  pedunculus  corporis  mammillaris,  runs  c^udalfirf 
into  the  cerebral  peduncle.  The  inferior  termination  of  tte» 
as  yet  uncertain.  A  part  probably  runs  to  end  in  the  gangb* 
tegmentum  dorsale  of  von  Gudden.  Flechsig  states  that  i^ 
terminates  in  the  stratum  griseum  centrale,  and  that  thus  ^ 
tory  stimuli  can  be  transferred  to  this  gray  matter  and  the** 
to  the  medulla  oblongata  with  its  nerve  nuclei  and  autootff 
centres. 


*  von  Gudden.    Gesammelte  Abhandlungen,  No.  xxvii. 


Fcuciculus  longitudinalia 
medialis. 


Nucleus  N.  oculomotorii. 


Fibre  irystem  from  the  colli- 
*-    cuius  superior  to  the  ventro- 
lateral  funiculi. 


Decussatio  tegmenti  dor- 
salis  Meynertt. 


1  --  Brachium  conjunctivuni. 


M&r«  «y«fem  /rom  nudetu 
ruber  to  funic\U\u  lateralis. 


L«fnnMcu«  medialis. 


03. — Oblique  section  through  the  brain  stem  of  a  cat  four  days  old.  (After 
.  Held,  Abhandl.  d.  math.-phys.  Kl.  d.  k.  sachs.  Gesellsch.  d.  Wissensch., 
)ipz.,  Bd.  xviii,  No.  6,  1892,  l^f.  ii.  Fig.  7.) 


^^^y     ^^Cdnicul-us  superior. 

Fibre   system  from   the 

,'f  w.  <^       ^                   «,-->r-    \          1         colliculus  superior  to 

I  I   ■'  \  y.  ^^                  JpN  N  \\'         1    /    the  lateral  lemniscus. 

I  f  I  Jt  \\                      iM.           ■    ^^[^      \    Radix  descendens  imesence- 

'I  SJJK  IrJ  fjf ~\'"r"\"'"T*    phalica)  nervi  trigemini. 

,1  'i  lyN.  JjL --t4-4 — \-Fibre  system  from  colliculus 

I,  I  WVv  /I/m                 ;  i  »       \     superior  to  ventro-lateral 

xVvv^..  ^^•r',v  '■  A  ->.  '^■^sfrrrr -=*•- — r— V"-^wc/et«»nem'ocii/omotorti. 

\v!^^4J'^^T    (^ri  '^^      V— i.  FasHcvilus  longitudinalis 

v^^s^^WSt.  3        >    i/jgV//  \         medialis. 

» . ,  "(7^  *^J^  •:^s^^ T\H^ — ,-^ \-  Nucleus  ruber. 

\\>,  ''   ,    ^^§©2^  ~    '  0^^  I  ^^^  system  from  nu- 

"'\i\.        :^'^'^^'^:-.^-i^->'f^:^'^!^:^i^*'  *  I     cleus  ruber  to  funic- 

'^'"  #'^124  ^^^^^^";~ /     ^'«*  lateralis. 

'''^tj-^T;  ''^-^^^lf^'- j/"  Lemniscus  medialis. 

'    /    ' 

I  I 

'      I 

^^  ' 

*  tegmenti  dorsalis  / 
srff). 

Decussatio  tegmenti        Ventral  part  of  decussatio  brachii  conjunctivi 
ventralis  (Foreli).  (=  v^tibular  commissure). 

* 

HL — Oblique  section  through  the  brain  stem  of  a  cat  four  days  old.    (After 
Held,  Abhandl.  d.  math.-phys.  Kl.  d.  k.  sachs.  Gesellsch.  d.  Wissensch., 
ipz.,  Bd.  xviii,  No.  6,  1892,  Taf.  ii.  Fig.  6.)    The  decussationes  tegmenti 
i  well  illustrated. 
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{ad  b)   The    hippocampus  is  connected  with  the  nufAm 
hahenulae  by  way  of  the  fornix  and  the  stria  meduUaris  thsim 
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Fio.  495. — Oblique  section  through  the  brain  stem  of  a  cat  eleven  dajnBdin^ 
trating  the  origin  of  many  fibres  of  the  fasciculus  longitudinalis  aediiiK 
from  the  nucleus  lateralis  superior  ( Flechsigi ).  (After  H.  Held,  Ablaitf-f 
k.  .sachs.  GesoUsch.  d.  Wissensch.,  Leipz..  Bd.  xviii.  No.  6,  1892,  Wi^ 
Fig.  10.) 

The  term  stria  meduUaris  is  applied  to  the  band  of  white  matw 
adjacent  to  the  taenia  thalami.     The  latter  term  is  limited » 
the  line  representing  the  junction  of  the  white  matterwithtk 
simple  epithelial  layer  which  forms,  over  a  certain  aret,tl» 
wall  of  the  ventricle.     The  taenia  thalami  begins  in  front  of  li* 
corpus  pineale  and  follows  the  free  border  of  the  stria  meda^ 
laris,  being  continuous  with  the  narrow  epithelial  lamina  fW 
covers  the  plexus  chorioideus  medius  on  its  under  sur&ce(r? 
496).     At  the  foramen  of  Monro  the  taenia  thalami  bendsarow 
backward  into  the  taenia  chorioidaea  (His).     A  study  of  s^^ 
sections  of  the  brain  of  man  and  animals  shows  that  a  noiBitf 
of  the  fibres  running  forward  from  the  hippocampus  i»  ^ 
fornix,  near  the  region  of  the  anterior  commissure,  torn  !•» 
following  an  acute  curve  to  enter  the  stria  meduUaris  H^ 
This  bundle  from  the  fornix,  which,  by  the  way,  appeantop* 
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rise  to  the  more  ventral  portion  of  the  stria  medullaris,  ia  joined 
by  a  bundle  of  fibres  from  the  ganglion  basale.  These  relations 
are  graphically  illustrated  in  the  accompanying  scheme  of  a 
sagittal  section  of  the  rabbit's  brain  taken  from  von  KoUiker 
(Fig.  497).  A  similar  scheme  is  to  be  found  in  Edinger's  text- 
book. It  seems  likely  that  in  the  stria  medullaris  axones  run 
in  both  directions,  though  those  we  are  now  considering  run 
toward  the  nucleus  habennlEe  to  end  inside  it  among  the  cells 
and  their  processes  situated  there. 

The  nucleus  habenulte,  a  part  of  the  epithalamus,  is  situated 
in  the  trigonum  habenulce  lateral  from  the  corpus  pineale.  It 
contains  larger  and  smaller  cells,  the  former  predominating  in 
the  lateral  portion  of  the  nucleus,  the  latter  in  the  medial  por- 
tion. It  has  long  been  known  that  the  nucleus  habenulie  is 
connected  with  the  interpeduncular  region  by  a  strong  band  of 
medullsted  fibres — the  fasciculus  retroflexus  (Meynerti).  Studies 
by  Golgi's  method  undertaken  by  van  Gehuchten,*  Ramun,  f 
and  von  Kulliker  J  have  shown  that  asones  of  Meynert's  bun- 
dle arise  from  the  cell  bodies  or  dendrites  of  the  nucleus  ha- 


FlQ.  49S. — TrsDgverae  H-ction  through  the  t«lit  chnriciid<!a  rentricull  Icrtii  and 
its  neighborhood.  1  AfWr  W.  His.  Die  Auatuinischc  Nomtni-latur,  vU:.,  Leipz,. 
1895,  a  IBS,  Fig.  31.)  //,  veiitrii-ulUB  laU^ralis ;  111.  veutricnlus  tertiuB;  O. 
corpus  calloBUm ;  P.  fornix:  Th.  tlialamus ;  f^t.m,  stria  mpdullarin ;  SI  J, 
strin  terminales :  !'.(.  vena  tenuinaiis;  L,  lamina  affixa  ;  1.  tffnia  thslami ; 
S,  tenia  churioidra;  S,  ttenia  fomiciH.  The  Agure  nhnns  the  tianaitioD  of 
tlie  tsnin  into  the  epithelial  layer  of  the  plexus  vhorioidei. 

benulfe,  and  that  the  coarser  fibres  arise  in  the  lateral,  the  finer 
fibres  in  the  medial  portion  of  the  nucleus. 

•  »»n  Gehucfaten,  A.    CuDtribatioos  a  I'etude  du  ajsteme  nerreui  des 
Teleofit^Tu.     Cellule.  Lieri^  et  Louvain  <IB95),  t.  z. 

t  Ramon,  D.  S.  •  Aualea  de  Ib  Sociedad  espanola  de  historia  natural.,  t. 
iii,  8  Ser.  (1894),  p.  185. 

t  Op.  cil.,  S.  48S. 
SI 
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The  medullated  axones  ot  Meynert'a  bundle  run  obliquely 
ventralward  and  somewhat  oaudalward  to  the  ioterpediuicular 


nillaTe :  FM,  fiwciculii 


iie  days  old. 

.,.^,^..  1896,8. 

retrodeiua  Heyncrtj ; 


regioD,  where  (in  animale  at  least)  they  terminate  in  the  gan- 
glion interpedunculare  of  von  Oudden.  In  the  mouse,  accord- 
ing to  Ton  Edlliker,  there  is  a  terminal  decussation  (Fig.  498). 


Fio.  498.— Diacntni  UlUBtniting  the  relation  of  Meynert's  bundle  to  the  red 
nucleuH.  (From  a  TccuoBtructiun  by  Uiea  Flnrcnce  Sabin.  Baltimore,  I89g.) 
F.R.M.,,  bsciculiw  retrofloxus  Meynerti  eatcriag  the  Bnlurior  extremity  of 
the  nucleus  ruber:  F.R.M.t.  raaciculua  retruflexuH  Meynerti  leaving  the  in- 
ferior extremity  of  oueleux  ruber ;  H.R..  DncleiU  ruber. 

The  course  of  these  fibres  can  be  followed  with  the  greatest  ease 
in  the  brain  of  the  newborn  babe.*  Florence  Sabin  has  recon- 
structed the  bundle  in  this  laboratory.     She  describes   it  as 

*  Curiously  enough,  the  more  peripheral  flbres  of  Mejnert's  buudle  be- 
come nie<luIUt«d  fint,  k>  that  in  horizontal  sectiona  aUined  with  the  Wei* 
gert-Pal  method  the  section  of  the  bundle  is  colorlcsi  in  the  centre  but 
deeplf-atained  blue-black  at  the  peripher7. 


Juiiuwt-  J  "  Tlic  buudlf  t:uter¥  -cbe  nacleue  niijex,  an  it-  »-iii 
«B^a.  near  ibe  wiUfriyr  titremitT  of  xlic  nucleus.  !&■  tb^ 
vf  t'lii.n'  ic  It  amuU  ureu  irlut:li.  oieuHiiTbd  on  tlit-  dor^-Tccs 
dtttUiuUT,  k  atHfUl  out  Lbird  tbe  disUDOf  from  tht-  liom^  ir 
{jKif.  Tiie  lil»rt«  ptMt  oWiqnflj  tliroii|rh  tiie  i]Doieiic.»  ai 
lilt-  >>'i»<-.«'  of  fzjx  u  vppu^it  t\xv  middle  of  the  aanit  imimiii 
AfViT  fuiwjritig  Irum  ibc  nut^dtniE  mlier  the  'fibrw-  sDraM.  cr 
iijtiu  ti  Liuiidli;,  tii«  durttu-TtaLtrtil  diantciter  erf  wbicb  l-  aec 
tbrtt*-  tiiiit«  »£  ieTtw.1  lu  ilui.t  uf  the  enteiinir  bimdlfc.  Tiu-s* 
uf  lil^rvt  lie«  jutA  vt-mmJ  tu  ihf  nacdeufi  mber  of  eniif  £ii 


fl.  — Hi'lipniii  of  ■  hoiizonl*!  wctjon  Ihroagh  tbe  bniii  of  Cypcinat  arF< 

ini'dT  I..  I'lllimi  mill  Till  I  Itmiiilliiii.  fi filiiiiii  I'li  TTi  1 1  Tib  riBiulM)^ 

V.  And..  U'I|W.,  I'M.  H.  IIS,  Fig.  BS.i  Thr  figure  ■hows  Uw  lodiTiiMl  t«^ 
illviniriiiii  iif  tliii  rlilni-mvphalaD  and  the  courae  of  tbe  olbctnrr  tbn%.  1" 
\mtU  t>r'l]i'''<''il  I"!')  ••"•-■  plane. 

vory  iii'ur  the  Burfaco  of  the  foBSB  iuterpeduncalarig.  Some  of 
thu  root  ftbre§  of  the  nervna  oculomotorius  pass  through  tbs 
nroa.  With  b  high  power  a  few  nerre  cells  can  be  seen  betvMi 
thuMo  fibros,  the  group  probably  corresponding  to  the  ganpiw 
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nculare  "  (Fig.  499).     Von  KoUiker  denies  the  exist- 
ganglion  interpedunculare  in  man,  and  states  that  the 


Syr.    B^fnid'"!  '  l^rli* 


chematic  representation  of  some  of  the  principal  neurone  systems  of 
:tory  conduction  path.  Projected  into  sagittal  plane.  Bulh.  olf.,  bul- 
ctorius;  Col.  fom.,  columna  fomicis;  Col.  «up.,  coUiculus  superior; 
nf.,  commissura  anterior  cerebri ;  Corp.  mam.,  corpus  mammillare ; 
i.,  corpus  pineale ;  G.  o.  6.,  ganglion  opticum  basale  ;  Gl.  olf.^  glomeruli 
i ;  Gf^.  amb.  rhin.,  gyrus  ambiens  rhiucncephali ;  Gyr>  off.  lat.,  gyrus 
us  lateralis ;  Gyr.  o.  m.,  gyrus  olfactorius  medialis ;  Gyr.  aemiann.  rhin.^ 
tnilunaris  rhinencephali ;  Gyr.  subcall.,  gyrus  subcallosus  ;  Lam.  crih., 
cribrosa ;  N.  a.  th.,  nucleus  anterior  thalami ;  Nn.  olf.,  nervi  olfac- 
'ud.  hob.,  nucleus  habeuulee ;  Ped.  cerebri,  pedunculus  cerebri ;  Sir. 
d.,  stria  longitudinalis  medialis ;  Str.  medull.,  stria  medullaris ; 
f.,  tractus  olfactorius ;  Tnict.  opt.,  tractus  opticus ;  I,  axones  of  mitral 
Qg  to  stria  olfactoria  lateralis ;  /',  axone  of  mitral  cell  terminating 
[natter  of  trigonum  olfactorium ;  //,  axone  of  mitral  cell  terminating 

matter,  whence  axone  goes  to  commissura  anterior  cerebri ;  // , 
o  anterior  commissure  ;  //",  centrifugal  fibre  terminating  in  bulbus 
us;    IIL  axone  of  mitral  cell   terminating   in   gyrus   olfactorius 

;  IV,  axones  of  neurones  connecting  the  olfactory  portion  of  the 
yrus  ambiens  and  gyrus  semilunaris)  with  the  hippocampus  (comu 
i) ;  V,  axones  from  hippocampus  to  forniiC ;  V ,  axone  to  commissura 
npi;  V",  axones  from  fornix  to  septum  pellucidum;  V"\  axones 
nix  to  corpus  mammillare  ;  V"",  axone  from  fornix  to  nucleus  ha- 
)y  way  of  the  stria  medullaris ;  VI,  fasciculus  mammillaris  princeps ; 
iculus  thalamo-mammillaris  Vicq  d' Azyri ;  VI",  fasciculus  pedunculo- 
laris,  pars  tegmentalis  {Haitbenbundel  of  von  Gudden) ;  VII,  fasciculus 
lo-mammillaris.  pars  basilaris  (pedunculus  corporis  mammillaris) ; 
sciculns  retroflexus  Meynerti  extending  from  the  nucleus  habenul» 
mglion  interpedunculare. 

the  fasciculus  retroflexus  become  lost  in  the  lamina 
posterior. 
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nili  ulfloLtoni  dob  ^ntiiai  '>)*■'■' 
A  snihieus  rhincnuephali  (.fr  Af  ■** 
li ;    GgT   a   a    gyrus  olbctoniu  cwlu     , 


Flo.  G03.—Scheni»tio  representation  of  Hune  of  th«  importont  nenrane  ■T*'"! 
the  ol factor)' conduetiun  patbs;  projectioD  in  honEoatkl  plane  Mt^M 
bulbuB  olfiM;ti)rius:  OH.  fan.,  c4fluniiiB  fomiUB  Oina  at  cmnw*" 
anterior  coiebri ;  6'um«.  Aipji..  I'ommiMura  hippucampi  Varp  ttlL  MP 
C&lloflum:  Cbrp.  iimiu.,  corpus  nutmrniUftrc  fan;  int  g>n^c~ 
pedDDculftre ;  (rJ.  oTjr.,  glomeruli  ulfaLtorii 
baaale ;  Gsr.  ami.  rAiu.,  gyms  smbieus  rhi 
gyrus  diHgODAlis  rhineucephali ;  tiyr  a  a  gyrus 
(ijFr.  o//.  [of..  (cyruB  ol&ct«riua  latecalis  (iyr  (oiiHinH  r*n.  jjt"  " 
luoariB  rhinencephali ;  Gyr.  tubcall..  grrus  subutllnaua  %  ■  ll-  >"■• 
anterior  thfttHmii  .Vh,  oj/..  uervi  oirAitoni  \hgj  hob  aurlftabik^ 
Prd.  Mr«*ri.  pedauculns  cerebri ;  Ulr.  long  tat  stru  longitudiojilis  IMWf 
Rtr.  (drit.  ned.,  Btria  luuBitudiaaliB  medialiH  Sir  medulL  tXnc  a^ 
l»rat;  /,  aiones  of  mitrsl  cell  to  lobus  pynfarmis  /  ttoae  •''• 
in  gray  matter  uf  tractus  olbctorins  /  aione  to  basal  opCK  fUV^ 
II,  11'.  Bxones  to  couimisanrB  antenor  cerebri  II  centnfiii*  '* 
tormlnHting  in  bulbua  alfactorius:  ///  aione  h  gyrus  sabtalloMU  /'■* 
rones  the  asonesof  which  connert  the  temporal  olfacWrr  sensf  •"•Jl 
the  hippocampua ;  V.  aiones  from  hippocampits  to  foniii  I  '''* 
fomkiB;  r  ".  aioncB  from  fomii  l«  r  irpus  nianiiniHare  1  iimw  "^ 
fornix  to  atria  meduliaris ;  VI.  neuroaea  in  corpora  mammilluii  P"°' ' 
aiooes  which  bifurcate  tu  form  the  fancKuluH  tbalaiuo-mimmulm  ■* 
the  GksciculiiE  peduncDlo-mamDiillaTis  pars  tfgmentahs  I'  >i"^ . 
faacicutuB  thalamo^mamniillaria  Vii-q  d  Aryn  terminating 
aoterior  thalami :  VI" .  bsciculus  pedr"     ' '" —  - 


rior thalaini ;  VI" .  fiiaciculus  pednn^nlo-ra»ramilU^^  pantfj™**! 
faBciculua  pedunculo-mammillaris.  pars  hasilans  T  ///  faci"!"'^ 
IB  Meynertl ;  IX.  axoiie  from  baeal  uptic  ganglion  thnniic)!  ■>"■  *T 


VII. 

lleiuB  Meynei 

laris  to  nucleus  habeuulie . 

biraii  to  the  hippoeampus. 
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{ad  c)  Extending  from  the  fornix  into  the  setpum  pellucidum 
are  many  medullated  fibres,  some  of  which  doubtless  represent 
axones  of  cells  in  the  hippocampus.  Some  of  these  may  be 
continued  farther  into  the  basal  ganglion  or  even  into  the 
olfactory  lobe.  In  all  probability  these  are  accompanied  by 
fibres  running  in  the  opposite  direction,  but  thus  far  definite 
statements  concerning  the  exact  origin  and  termination  of  the 
white  fibres  of  the  septum  pellucidum  are  not  justifiable. 

The  study  of  the  comparative  anatomy  of  the  olfactory  ap- 
paratus has  been  prosecuted,  among  others,  by  Herrick,  A. 
Meyer,  Edinger,  and  Alice  Hamilton.  The  last-mentioned  in- 
vestigators have  recently  pictured  the  relations  in  the  olfactory 
apparatus  of  the  carp.  Their  scheme  of  the  tracts  in  this  fish 
is  reproduced  in  Fig.  500.  It  will  be  seen  that  in  the  carp 
the  medial  part  of  the  secondary  olfactory  path  ends  in  what 
Edinger  calls  the  epistriatum ;  the  lateral  part  terminates  in 
more  ventral  portions  of  the  brain  stem  in  the  posterior  part 
of  the  rhinencephalon.  In  Figs.  501  and  502  I  have  represented 
schematically  the  principal  groups  of  olfactory  neurones  thus 
far  made  out.  It  is  not  to  be  forgotten,  however,  that  these  are 
only  schemes  which  must  be  recast  as  our  knowledge  of  the 
complex  relations  advances. 


^:iw^T^.a  ZuH: 


trrt.H-.<^i/<;ns(tt«h*      7*^n!«-  >ririi-Ti.*— — Is    MCIHni    OOl.    OBClillL  ItTDCS— ■^^finHBk' 

-v,<^)»i«  j5»Tii/*:»4i»tiMti  «£r»»TW«>  .mil  mlTTixip — '  *  Miiiiu'winHmiiin  fiii"  i  iiiiiwii 

f^-^^.*4A-*^<'oti/.y^^  ^4  ^>-Wfifci  ^'Vy^Mfi  f^-ACOBSIIL 


.\.  f9\f^u  UH  U  iu  r^litjr  n/>i  a  peripfaend  Dcrre  st  mZL  sBceks 

f^//f  inm\mfn,\tU*  with  irtJ<.'  f^rriphend  nerres  wiucli  contsbi onh 

^$fht'^s,nin  4ft  |*<'ri|rfi«T«I  niftirones  (senBarr  or  motcry.    Fw  tk 

«^)«fiMl  ««fiiiMrry  My^i^'fri  lu^tuiil  analogies  of  the  peripherBl  seiuoiT 

M^Nf^iNf'tf  fff  otlMtf  My^UfmN  were  seen  to  be  the  bipol^*  cdh  d 

I lifi  r^Dimi  (liM  (Ufll  hodiffH  of  which  correspond  to  the^inner 

l\\w\mr  iHy^r,"  wllh  <lHiilrit<?«  diBtributed  to  the  "  outer  mole^ 

u\nr  Ih,V^I'/*  HrMl  with  iixonitM  terminating  in  the  ^  inner  moleeulir 

UyiM'**  HHitinK  (ItM  (IfMiilriteH  of  the  ganglion  cells.     The  true 

hHrhi  hvmihiihn  of  thi»  optic  neurones  of  the  first  order,  th€T^ 

fnr0,  \^r^  nit  (iiiiMil  within  the  retina  itself.    The  medallated  ai- 

ntinM  of  thn  Kiititfllon  (m*I1h  of  the  retina,  which  go  to  form  the 

MO  (MiIIimI  N,  optloun,  lire  in  reality  nerve  fibres  inside  the  centnl 
?Htt 


i 
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nervous  system,*  and  are  analogous  to  the  medullated  axones 
of  sensory  neurones  of  the  second  order  of  other  sensory  con- 
duction paths  (e.  g.,  internal  arcuates  and  fibres  of  the  medial 
lemniscus  from  the  nucleus  funiculi  gracilis  and  the  nucleus 
funiculi  cuneati,  medullated  axones  of  the  mitral  cells  in  the 
bulbus  and  tractus  olfactorius).  The  fibres  of  the  optic  nerve 
and  tract,  besides  in  decussating,  resemble  the  medial  lemnis- 
cus, in  that  they  terminate  in  the  midbrain  and  interbrain.f 

To  call  the  band  of  fibres  running  from  the  eye  toward  the 
brain  the  "  optic  nerve  "  is  therefore  to  be  guilty  of  an  incon- 
sistency in  nomenclature,  though  the  term  has  been  so  long 
and  so  universally  in  use,  before  the  actual  relations  were  dis- 
covered, that  its  elimination  would  be  difficult  if  not  impossible, 
even  if  the  attempt  were  thought  to  be  advisable.  It  seems 
worth  while,  however,  in  order  to  avoid  confusion  of  ideas, 
especially  for  the  beginner,  to  emphasize  the  fact  that  the 
designation  is  a  misnomer. 

The  appearance  of  the  ganglion  cells  in  the  retina  is  fa- 
miliar to  all.  The  irregularly  oval  cells  are  multipolar,  the  den- 
drites running  to  the  adjacent  inner  molecular  layer,  where  they 
branch  manifoldly,  and  come  into  relation  with  the  axones  of 
the  bipolar  cells.  We  have  seen,  in  considering  the  peripheral 
optic  neurones,  that  certain  of  these  are  related  only  to  rods, 
others  only  to  cones.  The  majority  of  the  ganglion  cells,  on 
the  other  hand,  appear  to  stand  in  relation  to  both  sorts  of 
bipolar  cells,  though  it  is  not  impossible  that  some  of  them, 
especially  the  monostratified  forms,  are  connected  with  only 
one  sort.  The  dendrites  of  some  ganglion  cells  (Fig.  503) 
spread  out  in  one  horizontal  plane  of  the  molecular  layer 
(monostratified  cell),  of  others  in  several  planes  (polystratified 
cells),  of  still  others  throughout  the  whole  thickness  of  the 
molecular  layer   (diffuse   cells).     The  dendrites  occasionally 

*  In  the  so-called  N.  opticus  are  many  glla  cells,  similar  to  those  of  the 
substantia  alba  of  other  parts  of  the  central  nervous  system. 

t  Luys,  and  with  him  Meynert  (S.  Strieker,  A  Manual  of  Histology,  Am. 
transl.,  ed.  by  A.  H.  Buck,  8vo,  New  York,  1872,  p.  688),  compared  the  retina 
to  the  bulbus  olfactorius,  and  suggested  that  the  optic  nerve  was  not  an  ordi- 
nary peripheral  nerve,  but  in  reality  a  central  tract.  Von  KSlliker  (En- 
twickelungsgeschichte  des  Menschen  und  der  hdheren  SaQgethiere,  ii 
Auflage)  stated  also  that  the  nervus  opticus  is  really  a  part  of  the  brain.  He 
compared  it  with  the  tractus  olfactorius  and  considered  the  optic  tracts 
analogous  to  the  stris  olfactoriie. 


-7^  !!5BK  ¥^JBiP^^srS¥ 

tJWjit  til**:  f»r^<lt*   .1*   (t''«*M5i'UJrtr  XITaK^  JUSBR:  VC 

«'v.i*  •!  }«Mtw.''j:v  111110  ii«r  Mf  imjiuruaiuir  jmn:  l  prni3HMfl^!KML. 

f$f^  m*Au.bi.uA^  iWtLjrfjL,  liJt*  <ftib«B'  irkist-  £l]?fs  ■■i^'tny 

\i^\\A^j^riti  t^*frr*m  hi  ikatX  ihev  ponen  ih»  izndksa&e^ 
h'/hwAfif/  /tf/f  $t*:uri]ffimmMf.    Thau  tike  fbree  <if  litf- 
r^fttll/  hit(t«  thdr  ori^n  in  the  gso^iioiii  aelk  -cf  i^ 
tM^4fij  jirov^J  «/v<rr  afi4  orcr  aigaun  bj  emhrrok^ieail 
lliK)«  by  t\itt  uiuAj  of  lecondaij  degcnccKtioiis  < 
(iufiMifff  M#riz,  and  othen)*  and  directlj  br 
niHh'^l  (Turiuferi,  Kamon  j  Cajal|. 

Kiriif;4;  ¥on  (iuAden  undcfrtook  the  inreedgmtioift  <d  the 
jmiUn  ^  W4t  imvit  known  that  fibres  of  diiferent  cmlibv^ 


*Th«  (umtrihmioun  of  Berahard  won  Godden  beaiii^  upon  xht 
iumtUwiUm  itniUn  are  the  following:  (1)  Ueber  das  VerfaSStnis  der  Oaoil- 
ffttfHfim  t\tm  Antct^  zum  OefficbUfelde.  Arch,  t,  Anal ,  PhTsaol  u. 
Mml,  H««rl.,  \H4U,  H,  022'.Vi2,'^2)  ExperimenUlaiiteniicfaiiiigm 
fH*ri\t\wrim'\w  timl  ciminle  Nerrensjstem.  Arch.  L  PisjchiaL  a.  Ki 
IW»rl.,  M.  (1  (IH70),  8.  (»«-723.— (8.  4,  5  and  6)  Uebcr  die  Krcuzang  der  Xa- 
vi*itfnMtrri  itti  (/lifAumft  nerronim  opticoram.  Arch.  f.  Ophtlu,  BerL,  Bd. 
XK  (IM74).  2.  Abth..  8.  240-368;  Bd.  xxi,  3.  Abth,  (1875),  &  199-aOI:  Bi 
ixv,  I.  Alith.  (IH70),  8.  1-56 ;  Bd.  xxr,  4.  Abth.  (1879), S.  237-346.— (7)  Dea- 
otiHtriitidii  vun  l*rllpftrftt«n  ueber  das  sog.  Ganglion  opticum  faasale,  Kns- 
KUittf  (litr  KohnorvfiMcrn  Im  Chiasma,  vordere  und  hintere  0>mmia8ar  da 
(Milamna.  Alltf.  Ztmihr.  f.  Psychiat,  BerL.  Bd.  xxix  (1873);  Bd.  xxx  097^ 
<-  (H)  KxfHiriniMitr,  liuroh  dio  man  die  verscbiedenen  Bestandheile  desTnens 
upt  ((nm  Mu  iitoliron  itn  Stande  ist.  Tagebl.  d.  54  VersammL  dentsch.  NaturfSr 
milinr  in  SaUlnirg  (1881),  S.  187.— <9)  Ueber  die  rerschiedenen  Ne^TellfHB^ 
«yNt0m(P  in  di^r  Urtina  und  im  NerTus  opticus.  Tagebl.  d.  55  Vc 
ilnuliMth.  Naiurfnnu^hf^r  in  Kisonaoh (1882X S. 307.— (10)  UeberdieSt 
dlit  Si^ht  rat^iun,  dan  Vcrh&ltniss  ihrt*r  gekreuzten  und  uDgekreoaten 
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the  optic  nerve — (a)  coarse  fibres  and  (b)  fine  fibres.  Salzer's  * 
counts  made  each  optic  nerve  contain  438,000  fibres;  Erause 
subsequently  showed  that,  including  the  finer  fibres,  each  optic 
nerve  contains  1,000,000  fibres.  There  are  about  1,000,000  cells 
in  the  ganglion  cell  layer  of  the  retina.  The  majority  of  re- 
searches (von  Gudden,  von  Monakow)  point  to  the  view  that 
the  finer  fibres  are  connected  with  the  superior  coUiculus  of  the 
corpora  quadrigemina,  but  von  Leonowa  states  that  many  go 
also  to  the  lateral  geniculate  body. 

Having  reached  the  chiasma  opticum,  a  large  proportion  of 
the  fibres  (fasciculus  cruciatus)  of  one  nervus  opticus  cross  over 


--  w 


Fio.  503.— Nerve  cella  from  the  retina  of  the  chick.  (After  S.  Ram6n  y  Cs^sA^ 
Die  Retina  der  Wirbelthiere,  Greeff,  Wicsb.,  1894,  Taf.  v,  Fig.  1. )  A,  gan- 
glion cell  which  spreads  out  in  the  first  sublayer ;  B,  ganglion  cell  for  the 
second  sublayer ;  C,  small  ganglion  cell  for  the  fourth  sublayer ;  7),  multi- 
polar cell  for  the  second  sublayer ;  E,  a  cell  which  forms  two  horizontal 
Elexu8i%  the  first  below  the  fourth  sublayer,  the  second  in  the  third  sub- 
lyer ;  F,  small  cell  with  two  fine  plexuse^  the  first  in  the  second  sublayer, 
the  second  in  the  fourth  ;  G,  giant  cell  which  forms  three  plexuses  situated 
in  the  second,  third,  and  fourth  sublayers;  J,  cell  with  extremely  fine 
plexus  in  the  third  sublayer ;  if,  cell  which  branches  in  the  fourth  sublayer, 
its  branches  becx)ming  involved  with  an  amacrine  cell  going  to  the  same 
layer ;  a,  centrifugal  fibre ;  6,  another  centrifugal  fibre  the  terminal  of  which 
goes  in  a  horizontal  direction  beyond  the  internal  plexiform  layer. 

to  enter  the  tractus  opticus  of  the  opposite  side;  a  certain 
number  of  fibres  (fasciculus  non-cruciatus),  however,  do  not 
cross  but  enter  the  tractus  opticus  of  the  same  side.  The  fas- 
ciculus cruciatus  is  ordinarily  much  larger  than  the  fasciculus 
non-cruciatus ;  the  former  appears  to  correspond  to  the  fibres 
arising  from  the  ganglion  cells  of  rather  more  than  one  half  of 
the  retina  on  its  medial  or  nasal  side,  the  latter  to  the  fibres 
arising  from  the  ganglion  cells  of  rather  less  than  one  half  of 

ihre  Seh-  und  Pupillarfasem  und  die  Centren  der  letzteren.  Tagebl.  d.  58 
Versamml.  deutsch.  Naturforscher  in  Strassburg  (1885),  S.  136. 

All  these  have  been  reprinted,  together  with  his  researches  on  other  sub- 
jects, in  Bemhard  von  Oudden's  Gesammelte  und  hinterlassene  Abhand- 
langen.    Hrsg.  von  Dr.  H.  Grashey,  Wiesbaden  (1889). 

*  Salzer,  F.  Ueber  die  Anzahl  der  Sehnervenfasem  und  der  Retinazapfen 
im  Auge  des  Menschen.  Sitznngsb.  d.  k.  Akad.  d.  Wissensch.,  Math.-naturw. 
CL.  Wien,  Bd.  Ixxxi  (1880),  3.  Abth.,  S.  7-33. 
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the  fetliiii  on  itt  lateral  cir  tempocal  Bide.     Tl»e 

two  la^iiculi  ill  the  chinani  of  hnmaii  being's  are  jKki, 

pre^ut  in  the  foriu  of  definite  Imudies ;  tiioee  of  <Hie  iasoiasK 

iuterweave  with  tho8e  of  the  other  of  the  aaaa^  sidtf 

of  both  uf  the  oppoHite  aide  in  so  complex  a 

lollow  iudividual  lihrefi,  even  id  laultleBs  serial  BectJoBE.  if  pur 

ablv  atJ  impottHihilitv. 

'J'he  lieooudary  dejtreiieratioDB  obfierred  in 
ill  higher  ummmalt)  aud  iu  human  beings  ( G 
voD  <>uddiMi4  i'urtttcher,*  Bftiuogarten^lJ  Bingper  and  Mmncr 
Burdach.O  Marchaud^  Bcbmidv-KimpkT4  Jacobeofan^i  pim 
bevoud  reabouahle  quentiou  that  there  il^  a  rrmi  rirmnwTTtff 
not  n  total  crotMiug,  Lu  the  optic  chiasm.^*  In  many  of  ifi^ 
ttouiewhat  lower  forms,  lor  example  in  the  griiiLea-pii:,  iIk^  o^ 
cuiiijatiou  i£  total,  lu  the  rabbit  the  decuaBotion  le  afanfi; 
total,  but  von  Ouddeu   and   others  have   BtontlT   moimaiiwc 


*  (iowerb,  W.  K.     Piithologischer  Beweis  einer  unvolist&ndipni 
der  {Sehnurveo  beiiu  Meuscben.    OntmlbL  f.  d.  med.  WisBexnclu,  Berl  n6^. 

f  K-fileruuLuu,  M.  Aiiatomittcbe  rntenuchimgeii  ■tniphificher  SrinB- 
veD  uiil  eiuiMB  J^itri^  zur  Frage  der  Sehnenrenkxeozung^iii]  CfaiasnML  SaiDf^ 
<W7V),  pp.  44.  »*vo. 

t  Op.  cU. 

«  |^urtb(k«r,  O.  Traill  »ur  le  croisemeixt  et  ratropfaie  des  neife  « i» 
tr«eiu»  vuMiel£.  <'oug.  p^i<xL  iuteraaL  d*opliLh.  CaaspL-Tcod^  1890.  Sb 
(IH«1),  t.  vi,  |>|).  3»^a-327, 

I  lUuingart^n,  I'.  Zur  sog.  SemideeoflB&tion  der  C^ptacnsCasen.  C«- 
iralhl.  f.  laeii.  Wi«kJ«ii«<'lL,  Ikrl..  Bd.  zri  (1878).  &  561.— ^Znr  Semidecnni 
iter  0|Hicu«fiM»rn.    Arch.  f.  OphtlL,  Beil,  Bd,  xxrii   (1881 U  1.  Afack.  & 

A  Hjiiger,  J.,  u.  K.  Mutizer.    Denkichr.  d.  math,  natarv.  KL  d.  Wiaff 

^  Hunlaeh,  K.  Zur  Faserkreuzung  im  Chiaama  und  in  den  TrartnsoR^ 
¥<)ruiii  optioorum.  Arch,  t  Ophth.,  BerL,  Bd.  xxix  <1883>,  3.  Abck.  S 
185-143. 

X  Maruhand,  F.  Ruitrag  zur  Kentnniss  der  homoarmen  bUatoakB 
ni)iinHiio|Mie  und  der  Faiiorkrouzung  im  Chiasma  opticum.  Arch.  L  Ophtk. 
IWIm  im.  x\y\\\  (1883),  S.  68-96. 

X  Sohinitlt- Itimpler,  II.  Somidccutaationsfrage der  Sehnerren.  Oeatck 
med.  Wt'himOir.,  Berl..  IW.  xxii  (1806),  Vereinsbeilage,  S.  158. 

I  JaodliMihn,  L.  Zur  Frago  der  Sehnenrenkreozang.  Neurol.  CentiaftL 
Uipx.,  U«l.  XV  (1806).  a  888-840. 

•♦  c'f.  aUo  Drt'iiohfold,  J.  Pathological  Contributions  on  the  C<wiwrf 
thtjOpllo  Ntirve  Flbr*>«  in  Man.  Brain,  Lond..  voL  ir  (1881-185),  p.  ^: 
vul.  V  (18Hd-'8a),  IU  118. 
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that  eyen  in  this  animal  there  is  a  small  fasciculas  non-cruci- 
iitus.  Von  Gudden  *  expressed  the  opinion  that  in  all  animals 
in  which  the  visual  ftelds  fall  together  (binocular  vision)  there 
LB  semi-decussation  in  the  chiasm,  and  that  in  all  animals 
in  which  the  visual  fields  of  the  two  eyes  are  entirely 
separate  the  decussation  is  total.  Thus,  in  fish,  amphibia,  and 
birds,  the  decussation  is  complete,  while  in  mammals  and 
man  von  Gudden  agreed  with  the  Hannover-Henle  view  that 
bhe  decussation  is  partial. f  The  illustrations  which  accom- 
pany von  Gudden's  articles  are  very  convincing.  In  Fig.  504 
ire  shown  (A)  the  base  of  the  brain  in  a  normal  rabbit;  (B) 

ABC 

tr.npt'd 


n.oe.dr- 
tr.p.  tr.d 


Mf, 


n.oc.d 


**io.  504. — Brains  illustrating  atrophy  following  experimental  removal  of  the  eye 
in  a  newborn  rabbit.  (After  B.  von  Gudden,  Gesammelte  und  Hinterlassene 
Abhandlungen,  Wiesb.,  1889,  Taf.  xv,  Figs.  1,  2,  and  3.)  A.  Base  of  an 
adult  rabbit's  brain  with  normal  optic  nerves.  B.  Base  of  a  rabbit's  brain 
in  which  the  right  N.  opticus  is  atrophied.  C.  Base  of  a  rabbit's  brain  with 
bilateral  atrophy  of  the  Nn.  optici.  n.optd.^  N.  opticus  dexter;  n.ocd.,  N. 
oculo-motorius  dexter;  tr.optd,,  tractus  opticus  dexter;  tr.p.tr.d.,  tractus 
peduncularis  transversus  dexter. 

ihe  base  of  the  brain  of  a  rabbit  the  right  eye  of  which  had 
jeen  extirpated  at  birth;  and  (C)  the  base  of  the  brain  of  a 
rabbit  both  eyes  of  which  had  been  removed  at  birth.  In  A 
bhe  Nn.  optici,  chiasma  opticum,  and  Tr.  optici  are  normal ;  in 
B  the  right  N.  opticus  and  the  left  tractus  opticus  are  atrophic ; 
in  C  both  Nn.  optici  are  atrophic,  and  the  corresponding  por- 
tions of  the  optic  chiasm  and  optic  tracts  have  degenerated ; 
the  portions  of  the  optic  chiasm  and  of  the  two  tracts  which 
persist  correspond  to  the  commissura  inferior  (Guddeni),  which 
has  no  connection,  it  is  believed,  with  either  retina  {vide  infra). 
The  fasciculus  non-cruciatus  in  the  rabbit  is  illustrated  in  .Fig. 

♦  von  Oudden,  B.  Demonstration  von  Prftparaten  ueber  das  sog.  Gan- 
glion opticum  basale,  Kreuzung  der  Sehnervenfasem  im  Chiasma ;  vordere 
and  hintere  Commissur  des  Chiasma.  Allg.  Ztschr.  f.  Psychiat,  Berl.,  Bd. 
uix  and  xzx  (1873-74). 

f  Johannes  Mailer  believed  that  the  identity  of  the  retina  in  man  and  in 
animals  is  organically  conditioned.  Helmholtz,  on  the  other  hand,  thought 
that  it  might  be  a  matter  of  education  (anerzogene). 
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505.     The  same  bundle  in  man,  much  more  volummona,  is  vd 
shown  in  the  remarkable  ease  studied  by  Ganser,^  in  which  thk 

bundle  ran  as  a  separate  tract,  pncti- 
K.aptd..y^  j/f.opt.s.      cally  completely   isolated,  from  the 

retina  into  the  optic  tract  of  the  wot 
side.     The  example  is  unique,  and  k 
of  such  importance  that  I  have  bd 
Ganser's  drawing  reproduced  in  Fig. 
506.    Although  Reich,t  of  St  Petes- 
burg,  confirmed   the   results  of  toi 
Gudden,  Mandelstamml  and  Hidiel* 
have    supported    the    view  of  tbd 
Biesiadecki,!   who,  as  early  as  1861, 
asserted  that  even  in  man  the  decsf 
sation   is  total.      Von  Michel  baeed 
his  conclusions  upon  (1)  serial  m- 
tions  of  the  whole   normal  chuai 
stained  by  the  method  of  Weigert; 
(2)  sections  of  the  optic  nerves,  optk 
chiasm,  and  optic  tracts  in  cases  d 
degeneration  in  both  man  and  ani- 
mals; and  (3)  certain  physiologiol 
considerations. 


Fio.  505.— Removal  of  the  left 
half  of  the  chiasma  opticom 
along  with  the  commissura 
inferior  Guddcni  in  the  rab- 
bit. (After  B.  von  Gudden, 
Gesammelte  und  Hinterlas- 
sene  Abhandlungen,  Gra- 
shey,  Wiesb.,  1889,  Taf.  xvi, 
Fig.  3.)  N.optd.,  atrophic 
optic  nerve  on  right  aide,  the 
uncrossed  bundle  (U.  B.)  re- 
tained ;  N,  opt.  8.,  N.  opticus 
sinister,  atrophic ;  Tu.c,  tu- 
ber cinereum;  I.  L,  lobus 
temporalis 


*  Ganser,  S.  Ueber  die  periphere  und  centrale  Anordnnog  der  Sdisff- 
venfasem  und  ueber  das  Corpus  bigeminum  anterias.  Arch.!  PsjchiiLt^ 
Nervenkr.  Berl.,  Bd.  xiii  (1882),  S.  341-381. 

f  Reich,  M.  On  the  Complete  and  Incomplete  Crossing  of  Nervoos  FOir 
ments  (in  chiasma  nerv.  opticorum).  Protok.  zasaid.  Obsh.  rassk.  Tnek  i 
St.  Petersb.,  toI.  xli  (1874),  pp.  351-361.  Abstr.  in  CentralbL  td.  mei  Wi» 
ensch.,  Berl.,  Bd.  xiii  (1875),  No.  29. 

t  Mandelstamm,  E.  Ueber  Sehnervenkreuzung  und  Hemiopie.  Aid 
f.  Ophth.,  Berl.,  Bd.  xix  (1873),  2.  Abth.,  S.  89-58. 

*  Michel,  J.  Ueber  den  Bau  des  Chiasma  nervomm  opUoonim.  Aid 
f.  Ophth.,  Berl.,  Bd.  xix  (1873),  2.  Abth.,  S.  59 ;  8.  Abth^  S.  375.— Zur  Fri^*' 
Sehnerven-Kreuzung  im  Chiasma.  Ibid,^  Bd.  xxiii  (1877),  2.  Abtl^S.fi?' 
254. — Ueber  Sehnerven-Degeneration  und  Sehnerven-Kreuzung,  Fest-Scb* 
der  med.  Fak.  d.  Univ.  Wurzburg  s.  Feier  des  \xx  Geburtstagea  d.  Dr.  i-^ 
K511iker,  Wiesbaden  (1887). — Lehrbuch  der  Augenheilkunde,  2.  AniLO^ 
S.494. 

I  Ton  Biesiadecki,  A.  Ueber  das  Chiasma  neryomm  optioomm  des  I* 
schen  und  der  Thiere.  Sitzungsb.  d.  k.  Akad.  d.  Wissensch.,  math.-iiat8rr» 
CI.,  Wien,  Bd.  xiii  (1861),  S.  86 ;  und  in  Untersnch.  «.  Natural,  d.  Mtai 
u.  d.  Thiere,  Giessen,  Bd.  viii  (1862),  a  156-178. 
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In  Borial  sections  of  the  normal  chiasm  he  found  that  the 
fibres  of  one  optic  nerve  meet  those  of  the  optic  tract  of  the 
same  side  almost  at  a  right  angle,  and  he  contended  that  the 
view  that  an  uncrossed  bnndle  passing  from  the  optic  nerve  to 
the  optic  tract  was  due  to  the  presence  of  looplike  excarsions 
of  certain  of  the  fibres  of  the  nerve  for  some  distance  into  the 
tract  of  the  same  side,  before  actually  crossing  through  the 
chiasm  into  the  tract  of  the  opposite  side.  Von  Michel  can 
not  confirm  the  investigations  of  others  concerning  degenera- 
tions either  in  man  or  in  animals,  and  asserts  that  there  is  no 
evidence  from  this  source  in  his  specimens  in  favor  of  a  fas- 
ciculus non-cmciatns.  Finally,  von  Michel  does  not  consider 
semi-decnssation  a  necessary  physiological  postnlate.  He  argues 
that  if  homonymoQB  bilateral  hemianopsia  *  is  to  be  explained 


Fie.  SOO^-BegioU  of  the  chiaBni&  opticum  and  tractuB  opticus  foand  in  hamaii 
bl^natantopiVby  S.  Ganaer.  (Arch,  f.  Psychiat,  Berl.,  Bd.  liii,  1882,1^ 
vi.  Fig.  11.)  The  fWiciculUB  nua-cniciatuB  deiter  U  aeeo  as  an  isolated 
handle. 

by  the  decuBsation  in  the  optic  chiasm  the  proportion  of  crossed 
to  uncrossed  fibres  should  be  as  1:1,  and  contrasts  with  this 
the  admission  of  even  those  who  adhere  to  the  doctrine  of 
partial  decussation,  that  the  relation  is  as  3  : 1,  or  as  4  : 1,  at 
most  as  fi :  3.  As  further  evidence  against  the  generally  ac- 
cepted view  he  cites  the  well-known  fact  that  in  by  far  the 
majority  of  cases  of  hemianopsia  central  vision  is  sharp  on 
both  sides,  and  urges  that,  in  spite  of  the  hypotheses  which 
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^Annrl;*  f<^r  r.rie  awrampnan  zhms  aich 

e^mpi^.^  ^t*WTi*wr.i»>n,  hat^kirur  ap  bis  riewa  wrdi  m.  I 

vitTirii.'^nt  t^*  /^onrini^e  a(  lea«c  the  maioriry.  In  his 
fr/ym  VaVa  xa  I^h^p  he  dealt  wizh  ail  die  « rofecTions 
iy>;^^  rai^^«  anri  in  the  miniia  of  maaj  «iemureiy  jettiHi  dir 
r^Ti^uoTi  in  favor  of  a  partial  decnoiwition  in  man  and  zh^  hi^sB 
anint^i^.  Ffe  t/>ok  carefallj  into  aeconnr  ^he  conmiisBBi 
^n^ff'rior  fMevnerti).  the  commisim  inferior  i  ^Todiliaiiu  aa 
r.b^  h^m^i^pheri^:  honrile  which  bean  his  name,  and  dtanoitstnss^ 
m^^hfftU  hj  whloh  es^:h  of  these,  ^  well  as  the  fiisGicnins  crwi- 
atnAnnA  the  fa^t^icola.^  non-^mciatna,  can  be  indiridiiallT  iso^ 
]aU'4,  Von  (iwUlen  cited  the  experiments  of  Xicali*  wia, 
thron^h  the  motith.^  of  cat^  cot  the  opdo  chiasm  in  the  iniddk 
line.  The  f^tn  coald  still  see.  which  would  be  difficnh  a 
efplain  were  the  dermiwation  total.  Eren  had  thej  been  tooDj 
blind  after  the  operation,  the  decmntion  need  not  be  toCiL 
for,  an  (imfitzner  points  out,  we  do  not  know  how  near  di* 
nnf^rfrnwA]  fihrm  go  to  the  median  line  before  passing  into  the 
ojvtir;  tra^rt  (d  the  same  side.  At  Ton  Gndden^s  instigaooii. 
Uumm  examined  the  retina  in  cases  of  degeneration  as  to  the 
ffTif^'tn  there  of  the  uncrossed  and  crossed  faacicnlL  Bmna 
rrame  to  the  conclusion  that  the  nncrossed  bnndle  is  related  to 
the  lateral  part  of  the  retina,  the  crossed  bnndle  mainlj  to  the 
medial  part  of  the  retina. 

In  von  (1  addends  time  the  embryological  studies  which  hid 
boon  made  throw  but  little,  if  any,  light  upon  the  topic  under 
diwainHlon.  Whereas  von  Mihalkovics  and  von  KoUiker  hid 
nMiuned  total  decu«fiation  from  the  mode  of  development,  tob 
Httor,  on  tho  contrary,  thought  that  the  mode  of  origin  of  the 


♦  NIoiiti,  W.  Do  la  dint ribiit ion  de«  fibres  nerveuses  dans  le  chiftsnu  d« 
norfu  nptiqiion.  Arch,  de  physiol.  norm,  et  path.,  Par.,  2.  s.,  t  r  (1879),  PP> 
(158-078.— Prwuvo  pxp^rimentalo  du  croiaement  incomplet  des  fibres  nenreoae 
dniis  la  chlannia  dos  ncrfs  optiques;  section  longitudinale  et  mMianedi 
rhifuitna  non  suivic  do  cwiU*.  Compt.  rend.  Acad.  d.  So.,  Par.,  U  Ixxx^i 
(1878),  pp.  1473-1474;  also,  Centralbl.  f.  d.  med.  Wiasensch.,  BerL,  Bd-i^i 
(1878),  S.  440. 
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chiasm  was  consonant  with  semi-decussation.  I  have  recently 
(1898),  through  the  courtesy  of  Prof.  Mall,  examined  the  optic 
paths  of  several  human  embryos  cut  in  various  planes  (sagittal, 
coronal,  horizontal),  but  have  found  the  relations  so  complex, 
even  in  faultless  serial  sections,  that  I  can  not  decide  from  the 
appearances,  at  least  in  these  carmine  preparations,  whether  or 
not  the  decussation  is  partial  or  total.  A  lateral  bundle  can  be 
seen  passing  from  the  optic  nerve  through  the  chiasm  well 
toward  the  tractus  opticus  of  the  same  side,  but  one  is  not  jus- 
tified in  asserting  from  these  sections  that  it  actually  enters  it 
to  be  distributed  to  the  optic  centres  on  the  same  side.  What 
strikes  one  most  in  the  study  of  embryonic  tissues  is  the  inti- 
mate relation  of  the  optic  chiasm  and  of  the  optic  tracts  to  the 
basal  plate  of  the  diencephalon.  I  should  not  be  surprised  if  it 
should  turn  out  that  a  considerable  number  of  fibres,  possibly 
of  no  mean  significance,  run  into  the  base  of  the  brain  from 
the  chiasm  and  optic  tracts,  to  end  there  without  passing 
through  the  whole  length  of  the  latter  to  the  regions  usually 
designated  as  the  optic  centres  (lateral  geniculate  body,  pul- 
vinar,  superior  coUiculus  of  corpora  quadrigemina).  Thus  far, 
studies  with  Golgi's  method  have  not  succeeded  in  demonstrat- 
ing the  partial  decussation,  though  much  is  to  be  hoped  from 
its  application  to  the  study  of  embryonic  tissues,  especially  if 
Bom's  method  of  reconstruction  be  used  in  connection  with  it. 

Since  the  death  of  von  Gudden,  von  Michel  has  reiterated 
his  former  statements,  and  has  received  substantial  support 
from  the  Nestor  of  German  histologists,  von  KoUiker,  of  Wiirz- 
burg. 

At  the  meeting  of  the  Anatomical  Congress  in  Berlin  in 
1896  von  KoUiker,  on  the  ground  of  his  own  studies  and  of  a 
careful  control  of  von  Michel's  preparations,  stated  that  he  had 
come  to  the  conclusion  that  the  optic  nerves  undergo  complete 
decussation  in  the  chiasm  in  man  and  in  the  dog,  cat,  fox,  and 
rabbit.  Curiously  enough,  this  statement  met  with  scarcely  a 
dissenting  voice.  Von  KoUiker,  later,  in  his  text-book  de- 
scribed fully  his  findings,  and  reviewed  at  considerable  length 
the  bibliography  of  the  subject.*  On  the  whole,  he  confirms 
the  statements  of  von  Michel  and  urges  the  necessity  of  anar 


♦  von   KOUiker,  A.     Handbuch  der  Gewebelehre,   Bd.  ii,  Haifte  ii,   S. 
560  ff. 
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tomical  demonstration  of  the  uncrossed  bundle.  He  tee 
the  alleged  results  of  the  study  of  secondAry  degeii£H&f& 
and  emphasizes  that  decussation  is  not  a  necessaxr  pofitiks 
for  the  explanation  of  physiological  finding's,  and  thit  fia 
were  it  apparently  impossible  to  explain  all  known  phj3«^ 
logical  facts  without  the  assumption  of  a  partial  deeuasiOiE 
anatomists  would  not  be  justified  in  admitting  decussadoR  n 
the  chiasm  until  it  had  been  actually  demonstrated  bj  »• 
tomical  methods. 

Gruetzner,*  in  the  summer  semester  of  1896,  undertook  ti 
restudy  the  whole  subject  by  the  methods  of  the  inrestigitaB 
who  had  preceded  him  and  by  special  methods  deTised  bj  ha- 
self .  From  his  own  work  and  from  a  consideration  of  tin:  i^ 
others  he  concludes  that  only  a  part  of  the  fibres  of  the  optk 
nerves  cross.  He  made  models  of  the  chiasm  in  which  he  wtk 
half  the  fibres  cross,  while  the  other  half  passed  tfarongii  as- 
crossed  into  the  optic  tract  of  the  same  side.  He  then  ^f 
drated  these  models  and  imbedded  them  in  parafi&n  uidcis 
them  into  horizontal  sections.  In  the  sections  he  could  oib 
out  only  fibres  which  crossed,  although  he  knew  perfectly  nO 
that  only  half  of  the  fibres  actually  crossed.  He  condBde& 
therefore,  that  the  microscopical  study  of  horizontal  secdons  is 
absolutely  of  no  value  for  the  decision  of  the  question  wfaetbff 
or  not  all  of  the  fibres  actually  cross  in  the  chiasm. 

In  the  human  case  studied  by  Siemerling,t  i^  which  cat 
optic  tract  was  completely  destroyed,  there  was  diminished 
sharpness  of  vision  in  the  opposite  eye,  bnt  the  patient  couM 
still  see  with  the  temporal  side  of  his  retina.  This  could  wt 
have  been  possible  had  there  been  complete  decussation  of  hs 
optic  nerves.  Nor  are  the  experiments  of  Mnnk  J  or  the  cliit- 
ical  pathological  observations  of  Baumgarten,  Marchand,  tsd 
others  {vide  nupra)  compatible  with  the  assumption  oi  totil 
decussation. 


*  Gruetzner,?.  Kritische  Bemerkungen  ueber  die  Anatomie  desCbas** 
opticum.    Deutsche  med.  Wchnschr.,  Berl.,  Bd.  xxiii  (1897),  S.  8. 

f  Siemerling,  E.  Ein  Fall  guinmoser  Erkrankung^  der  Hirabcns  stf 
Betheiligiing  des  Chiasma  nervorum  opticorum.  Ein  Beitrag  zor  Ubf 
▼om  Faserverlauf  im  optischen  Leitungsapparat.  Arch.  f.  Psyehiit  vtA 
Nervenkr.,  Berl.,  Bd.  xix  (1888),  S.  401-437. 

\  Munk,  H.  Zur  Physiologic  der  Grosshirnrinde.  Arch.  1  Asa^  ■- 
Physiol.    Physiol.  Abth.,  Leipz.  (1878),  S.  162-17a 
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The  ingenious  experiments  of  Pick,*  so  far  as  they  go,  tend 
to  confirm  the  results  of  von  Kulliker.  This  investigator,  work- 
ing with  the  rabbit,  destroyed  circumscribed  areas  of  the  retina 
by  means  of  a  galvano-caustic  needle,  and  subsequently  studied 
the  optic  nerve,  the  optic  chiasm,  and  the  optic  tract  with  the 
aim  of  establishing  the  topographical  relations  which  exist  be- 
tween the  retina  and  the  optic  nerve  on  the  one  hand  and  the 
chiasm  and  the  optic  tract  on  the  other.  His  results  led  him 
to  conclude  that  the  relations  are  very  simple,  the  relative  po- 
sition of  the  fibres  in  the  cross  section  of  one  optic  nerve  cor- 
responding in  toto  to  that  of  the  transverse  section  of  the  optic 
tract  of  the  opposite  side.  The  dorsal  and  ventral  fibres  of  the 
optic  nerve  are  the  dorsal  and  ventral  fibres  of  the  opposite 
tract,  and  in  the  same  way  the  lateral  and  medial  fibres  of  the 
nerve  occupy  the  same  relative  positions  in  the  optic  tract  of 
the  opposite  side.  His  studies  were  carried  out  by  the  method 
of  Marchi.  It  is  highly  desirable  that  his  results  be  controlled, 
and  that  studies  by  the  same  method  be  carried  out  on  animals 
higher  than  the  rabbit  in  which  there  is  evidence  of  a  larger 
fasciculus  non-cruciatus:  In  the  rabbit  the  uncrossed  bundle, 
if  it  exists,  is  very  small,  and  von  Gudden  missed  it  in  his  earlier 
studies.  The  monkey  would  be  a  particularly  suitable  animal 
for  the  prosecution  of  such  a  research. 

Most  interesting  in  this  connection  are  the  painstaking  and 
extensive  studies  of  the  Swedish  investigator  Henschen.f  He 
has  been  able  to  accumulate  a  large  amount  of  human  material, 
which  he  has  studied  clinically  and  worked  up  pathologically 
with  care.  On  analyzing  his  results  he  has  compared  his  findings 
thoroughly  with  the  cases  recorded  in  the  bibliography,  and 
comes  to  important  conclusions  regarding  the  localization  of  the 
bundles  in  the  optic  nerve,  in  the  chiasm,  and  in  the  tract,  and 
the  relations  of  these  to  the  higher  centres.     His  publications 

*  Pick,  A.  Untersachungen  ueber  die  topograph ischen  Beziehungen 
zwischen  Retina,  Opticus  and  gekreuzt«n  Tractus  Opticus  beim  Kaninchen. 
Nora  acta  der  Kaiserl.  Leop-Carol.,  Deutschen  Academie  der  NaturfOrscber, 
Bd.  Ixvi.  Abstract  in  Neurologisches  Centralbl.,  Bd.  xx  (1896),  S.  691.  Cf. 
also  Pick  u.  Herrenheiser.  Untersuchungen  ueber  die  topographischen  Bezie- 
hungen zwischen  Retina,  opticus  und  gekreuzten  Tractus  opticus  beim  Ka- 
ninchen.    Halle,  1895. 

f  Henschen,  S.  E.  Klinische  und  anatomische  Beitrftge  zur  Pathologie  des 
Gehims.    Zweiter  Theil,  Upsala  (1892),  S.  217  flP. 
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represent  a  mine  of  rich  material,  and  must  be  consulted  by 
every  student  who  wishes  to  go  beneath  the  surface  in  this 
field.  In  Fig.  507  is  reproduced  the  plate  in  which  his  conclu- 
sions regarding  localization  are  epitomized.  The  fasciculus 
non-oruciatns  of  the  optic  nerve  (see  accompanying  figures) 
arises  in  the  main  from  the  temporal  side  of  the  retina.  It  fol- 
lows a  tolerably  isolated  course  as  far  as  the  chiasm,  occupy- 
ing the  latero-ventral  portion  of  the  transverse  section  of  the 
optic  nerve.  The  fasciculus  cruciatus,  on  the  other  hand,  is 
situated  more  medially  and  dorsally.  The  bundle  from  the 
macula  lutea  (fasciculus  macularis)  on  each  side  runs  in  the 
central  part  of  the  optic  nerve,  and  maintains  its  central  posi- 
tion in  the  optic  chiasm  and  in  the  optic  tract.  The  relations 
of  the  crossed  and  uncrossed  bundles  to 
the  inferior  and  superior  commissure  in 
the  optic  tract  will  be  sufficiently  clear 
from  the  diagrams  if  the  legends  be 
consulted. 

The  researches  by  Marchi's  method, 
carried  out  by  Singer  and  Miinzer  *  and 
Ramon  y  Cajal,f  support  the  doctrine  Fig.  sos.— Absence  of  optic 
of  partial  decussation.  Even  in  the  rat  v^kis ;  taken  from^ 
and  mouse,  in  which  it  has  been  gener-       Rauber's  text-book.  )Pr8B- 

'  ^  senti     figura     nervorum 

ally  supposed  that  decussation  in  the       quoshicdescnbimusduc- 

..         ,.  •ii.1T*        '  y^'1         t**s  exprimitur.    ac,  cere- 

OptlC    chiasm    is   total,    Kamon  y    Cajal         bri  portiunculam  indicat. 

finds  an  uncrossed  bundle,  and  states 

that  it  goes  only  to  the  lateral  geniculate  body  of  one  side, 
while  the  crossed  bundle  goes  to  the  lateral  geniculate  body 
and  also  to  the  superior  colliculus  and  the  thalamus. 

We  must  conclude,  therefore,  from  the  evidence  before  us, 
that  as  a  rule  the  decussation  in  the  optic  chiasm  in  man  and 
of  higher  animals  is  partial,  not  total.  That  in  individual  cases 
there  may  be  considerable  variation  seems  certain.  Even  in 
the  anatomy  of  Vesalius  we  find  a  human  case  reported  in 
which  the  optic  chiasm  was  entirely  absent  (Fig.  508),  the  right 
optic  nerve  going  bodily  over  into  the  right  optic  tract,  and 

*  Singer  and  MQnzer.  Beitriige  zur  Kenntniss  der  Sehnervenkreuzung. 
Wien,  1888. 

f  Ram6n  y  Cajal,  S.     Ann.  de  la  Socied.  Espanola  di  hist.,  nat.,  2.  Ser., 
t.  iii  (t894),  p.  236. 
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Henle  *  has  collected  a  number  of  such  cases  from  the  bibli- 
ography. It  is  not  impossible  that  occasionally  there  is  actuaUj 
complete  decussation  in  the  chiasm,  in  which  eyent  we  should 
expect  total  amblyopia  in  the  opposite  eye  (instead  of  hemiu- 
opsia  involving  the  two  eyes)  to  follow  upon  lesion  of  one  optic 
tract.  The  rarity  of  such  observations  is,  however,  very  strik- 
ing, especially  since  the  exact  studies  concerning  hemianopat 
have  been  inaugurated.  Between  these  two  possible  extremes 
of  no  decussation  and  total  decussation  there  may  be  all  eorte 
of  degrees  of  decussation,  the  most  frequent  proportion  of  on- 
crossed  to  crossed  fibres  in  man  probably  being  about  as  1 : 2  or 
as  3  :  5. 

The  optic  tract  on  each  side  behind  the  chiasm  runs  aroand 
the  cerebral  peduncle  of  the  same  side  and  arrives  at  the 
junction  of  the  mesencephalon  with  the  diencephalon,  where  it 
divides  into  two  distinct  roots,  (1)  a  lateral  root  and  (2)  a  me- 
dial  root  (Fig.  509). 

The  optic  tract  on  the  right  side,  for  example,  includes  the 
fasciculus  cruciatus  from  the  left  optic  nerve,  the  fascicnlm 
non-cruciatus  from  the  right  optic  nerve,  fibres  of  the  commis- 
sura  superior  Meynerti,  fibres  of  the  commissura  inferior  God- 
deni,  fibres  of  the  direct  hemispheric  bundle  of  Ton  Gadden,  i 
certain  number  of  centrifugal  fibres  running  from  the  higher 
centres  of  the  retina,  and  possibly  fibres  of  still  other  cate- 
gories. > 

The  fibres  of  the  lateral  root  of  the  optic  tract  include  the 
centripetal  and  centrifugal  fibres  connected  with  the  retina,  and 
terminate  (or  in  ease  of  the  centrifugal  fibres  have  their  ori|:in) 
in  the  lateral  geniculate  body,  in  the  pulvinar  of  the  thalamoi, 
and  in  the  superior  coUiculns   of  the  corpora  quadrigemint 
.  In  these  centres  the  terminals  of  the  optic  neurones  of  the  8e^ 
end  order  come  into  conduction  relation  with  the  cell  bodies  and 
dendrites  of  the  optic  neurones  of  the  third  order.    Of  titf 
optic  neurones  of  the  third  order,  those  in  the  lateral  genica- 
late  body  and  the  pulvinar  send  their  axones,  in  large  part  »t 
least,  to  the  visual  area  in  the  occipital  cortex,  while  those  in  tli' 
superior  coUiculus  of  the  corpora  quadrigemina  send  their  u- 
ones  in  large  part  to  enter  into  conduction  relation  with  nefl- 


*  Henle,  J.    Handbuch  der  systeniatischen   Anatomie    des 

Nervenlehre  (1879),  S.  393. 
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rones  which  throw  the  eye-muscle  nuclei  under  their  influence 
[vide  infra). 

St 


Cq»  Cq» 


Ccb 


Fig.  509. — A  portion  of  the  right  cerebral  hemisphere  resting  on  the  polus 
frontalis,  to  illustrate  the  basis  cen^bri.  (After  J.  HenJe,  Handbuch  der 
Nerveulehre  des  Menschen,  II.  Aufl.,  Braunsch.,  1879,  S.  155,  Fig".  80.)  Bca, 
brachimn  quadrigeminum  superius ;  Bcp,  brachium  quadrigeminum  inferius ; 
r«6»  pedunculus  cerebri ;  Cgl,  covpus  geniculatum  lateraK^ ;  Cgm,  corpus 
geniculatum  mediale ;  Ccq,  brachium  conjunctivum ;  Oo,  chiasma  opticum ; 
Cb*,  collicnlus  inferior ;  C^*,  colliculus  sup<^rior :  L,  lemniscus  ;  Pt,  pulvinar 
of  thalamus;  Spa,  sulistantia  perforata  anterior;  i%  stria  terminalis;  //', 
tractUB  opticus.  The  radix  medialis  and  the  radix  lateralis  arc  well  illus- 
trated ;  t,  cut  surface  of  tip  of  temporal  lobe  which  has  been  removed. 

The  laterp.1  geniculate  body  and  the  superior  colliculus  of 
bbe  corpora  quadrigemina  have  accordingly  been  designated, 
especially  by  the  German  writers,  as  "  primary  optic  centres  "  in 
the  brain.  This  designation  is,  however,  not  wholly  suitable, 
tor  we  have  seen  that  the  peripheral  optic  neurones  correspond 
bo  the  bipolar  cells  of  the  retina,  and  the  ganglion  cells  of  the 
retina  really  represent  a  part  of  the  brain.  It  would  be  much 
tnore  logical,  therefore,  to  designate  the  ganglion  cell  layer  of 
bhe  retina  as  the  primary  optic  centres  of  the  brain,  and  to 
name  the  lateral  geniculate  body,  the  pulvinar,  and  the  superior 
colliculus  of  the  corpora  quadrigemina  the  "secondary  optic 
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centres  ''  of  the  brain ;  for  it  is  obvious  that  the  ganglion  cell 
layer  of  the  retina  corresponds  to  the  nucleus  funiculi  gracilis, 
and  the  nucleus  funiculi  cuneati  of  the  general  sensory  path  and 
the  termination  of  the  optic  tract  in  the  superior  colliculus  and 
the  lateral  geniculate  body  corresponds  to  the  terminations  of 
the  medial  lemniscus  in  the  mesencephalon  and  in  the  dien- 
cephalon  respectively.  The  neurones  extending  between  the 
lateral  geniculate  body  and  the  cortex  would,  for  the  visual  path, 
therefore,  be  the  analogues  of  the  sensory  neurones  of  the  third 
order  of  the  general  sensory  path  extending  between  the  ven- 
tro-lateral  group  of  nuclei  of  the  thalamus  and  the  eerebnl 
cortex. 

The  exact  areas  occupied  in  the  optic  centres  of  the  mesen- 
cephalon and  diencephalon  by  the  terminals  of  the  fibres  of  the 
lateral  root  of  the  optic  tract  have  been  demonstrated  by  the 
degeneration  experiments  of  von  Monakow.  After  enucleation 
of  both  eyes  in  the  new-bom  puppy,  this  observer  found,  on 
killing  the  animal  at  the  end  of  six  months,  that  the  gelat- 
inous substance  of  a  large  part  of  the  lateral  geniculate  bodj 
— that  portion  of  it  which  he  designates  a — undergoes  degener- 
ation. This  substantia  gelatinosa  consists,  in  the  main,  of  the 
terminal  branches  of  the  fibres  of  the  optic  tract. 

In  the  dog  von  Monakow  divides  the  lateral  geniculate  body 
into  several  nuclei — a,  ai,  ^,  ^i,  and  v,  the  ventral  nucleoB.* 
While  a  few  of  the  optic  fibres  apparently  terminate  in  a,  i,  ^ 
and  in  the  ventral  nucleus,  by  far  the  majority  of  them  end  in  tf„ 
the  dorso-caudal  part  of  the  lateral  geniculate  body  (Fig.  510). 

The  fibres  going  to  the  pulvinar  from  the  lateral  root  of  the 
optic  tract  in  the  dog  are  distributed  to  the  superficial  part  of 
the  dorsal  zone. 

The  fibres  of  the  lateral  root  of  the  optic  tract  which  go  to  the 
superior  coUiculus  correspond,  so  many  have  thought,  to  the  su- 
perficial white  matter  of  that  body  (von  Gudden,  Forel,  Gamer.* 

*  Monakow  divides  the  corpus  genie alatum  laterale  in  the  dog  into  tvo 
main  parts— (1)  den  Sehsph&renaniheil  (a,  h,  fti,  and  v\  and  (2)  den  JUtiwa- 
aniheil  (ai). 

f  Ganser,  S.  Ueber  die  Anatomie  des  vorderen  HQgels  Tom  Corpus  qnKi- 
rigerainum.  Arch.  f.  Psychiat.  und  Nervenkr.,  Berl.,  Bd.  xi  (1880).  S.  278-381. 
— Ueber  die  periphere  und  centrale  Anordnung  der  Sehnenrenfosem  vsi 
aeber  das  Corpus  bigeminum  anterius.  Arch.  f.  Psychiat.  und  Nerrfokr* 
Berl..  Bd.  xui  (1882),  S.  341-381. 
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BatU  pedunculi. 
Lamirta  mtdvUarit  tattratU. 


lu.  GIO.— Frontal  sections  tbroagb  the  corpns  RcnirulBtam  tstenile  oradog.  A. 
HectioD  through  madsl  plnue  of  a  health]'  dug  ;  a,  nurlcDs  frontalis  domliB 
uf  the  corpus  genicalBtiiin  lateralc :  Oi.  nuclpug  (sudalis  dormlia  ;  bi.  caudal 
vcDtisI  dqcIgus  of  the  corpuH  Rt'iiieulatum  latcrale  :  r.  most  ventral  nuclcua 
of  eurpus  geniculatum    lateislc.      B.   Frontal  section   through  the   eurpus 

Sniculatum  latvrale  of  a  dog  from  which  both  eyes  had  hern  enucleated. 
,fl«r  C.  von  Honakon,  Arch.  f.  F^cbiat.,  Bd.  xi,  1686,  Taf.  liii,  Figs. 
SS  and  S3. ) 
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Ton  Monakow,*)  although,  as  Tartuferi  has  pointed  out,  the 
most  medial  part  of  the  superficial  white  matter  belongs  to 
another  system  of  fibres,  and  recently  it  has  seemed  more  Ukelj 
that  the  optic  fibres  are  those  which  assume  an  antero-posterk^ 
direction,  just  beneath  the  cappe  cineree. 

The  lateral  geniculate  body  in  man,  especially  in  horizontsl 
sections,  is  heart^h^ped,  the  apex  being  directed  forward.  The 
appearance  is  very  characteristic.  The  mass  consists  of  alter- 
nating, somewhat  irregular  layers  of  gray  and  white  substance, 
(Fig.  511)  the  white  matter  consisting  of  optic  tract  fibres  in 
the  main  and  partly  of  the  medullated  axones  which  pass  from 
the  lateral  geniculate  body  into  the  optic  radiations  to  pass  to 
the  cerebral  cortex.  The  gray  matter  of  the  nncleos  contains 
cell  bodies  and  dendrites  of  the  optic  neurones  of  the  third  order. 
In  man,  probably  80  per  cent,  of  the  fibres  of  the  optic  tract  end 
in  the  lateral  geniculate  body  (von  Monakow).  The  endings  of 
the  fibres  of  the  optic  tract  in  the  lateral  genicnlate  body  hare 
been  studied  by  Golgi's  method,  by  P.  Ramon, f  von  KOUiker^ 
and  Ramon  y  Cajal.^  The  terminations  of  the  optic  fibres  in 
the  lateral  geniculate  body  of  the  newborn  cat  are  well  shown 
in  the  accompanying  figure  taken  from  Ramon  y  Cajal's  article 

*  The  principal  contributions  of  von  Monakow  as  regards  the  optic  verrt 
and  optic  centres  are  the  following :  Experimentelle  and  pathol^gisch-ani- 
tomische  Untersuchungen  ueber  die  Beziehungen  der  sogensnnten  Sefasphirp 
zu  den  infracorticalen  Opticuscentren  und  zum  N.  opticus.    Arch.  f.  PsychiiL 
u.  Nervenkr.,  BerL,  Bd.  xiv,  S.  699,  and  Bd.  xvi,  S.  151.  317. — Einiges  «ber 
die  Ursprungscentren  des  N.  opticus  und  ueber  die  Verbindungen  derselbn 
mit  der  Sehsphftre.    Arch.  f.  Anat.  u.  Physiol.,  Physiol.  Abth.,  Leipz.  (1^^ 
S.  329. — Experi  men  telle  und  path.-anatomiscbe  Untersuchungen  ueber  dif 
optischen  Centren  und  Bahnen  (Neue  Folge).  Arch.  f.  Psychiat,  u.  Xervenkr. 
Berl.,  Bd.  xx,  S.  714. — Experimentelle  und  path.-anatomische  Untersuch- 
ungen ueber  die  optischen  Centren  und  Bahnen  nebst  klinischen  Beiui^ 
zur  corticalen  Hemianopsie  und  Alexie  (Neue  Polge).    Arch.  f.  Psychiat  o. 
Nervenkr.,  Berl.,  Bd.  xxiii,  S.  609;  Bd.  xxiv,  S.  229. 

t  Ram6n,  P.  (1)  Gaceta  sanitaria  de  Barcelona,  iii  (1890),  No.  1,  p.  10:  (?) 
Investig.  sobre  los  centros  opticos  de  los  vertebrados.  Tests  del  doctondo 
(1890);  (3)  Elencefalo  de  los  reptiles,  Barcelona  (1891),  pp.  11-22;  {4)  Inn* 
en  el  encefalo  de  los  batracios  y  reptiles,  cuerpos  genieulados  y  tubemiliv 
cuadrigeminos  de  los  maniferos.    Zaragoza  (1894). 

J  von  KOlliker,  A.  Verhandl.  d.  anat.  Gesellsch.,  Jena  (1895).  S.  16;  *I» 
Handbnch  der  Gewebelehre  des  Menschen.    Leipz.  (1896),  Bd.  ii.  S,  585  ft 

*  Ramon  y  Cajal.  S.  Beitrag  zum  Studium  der  Medulla  Oblongatt.  6ts 
Kleinhirns  und  des  Ursprungs  der  Gehimnerven.  Deutsch  Ton  Bresiff- 
Leipz.  (1896),  S.  101  ff. 
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(Fig,  512).  The  terminations  of  the  optic  fibres  in  the  piil- 
vinar  of  the  thalamUB  are  well  illuatrated  in  von  KoUiker's  cut 
(Fig.  513).     From  the  manifold  divisions  of  the  terminals  of 

Ptc). 


HG-.I<^ 


FlQ.  511. — HoriiontolobUqncMctiim through  thccen-bral  pc<]uDc1eand  hypothal- 
amus: PftlstHinitiK.  I  After  J.  Di-jerine.  Anatoniip  den  cen  tree  nerveui,  Paris. 
lesft.p.eftl.  Fig.  3SS.I  ilJf.claiistruiii;  /to.aqueduutuscerehri:  firQa.brachium 
quadrigemiDuin  Buperiiis:   BrQp.  brachium  quudrifieinlnum  infvriusi  CA, 


iDtonue-,    CM,  i 

Eistenor:  Pcop.  fusciruluH  of  the  uommiieura  pnHtvrior  cerebri ;  Fi.  fimhi 
ippiKninpi ;  FU,  foHcic^ulus  longitudinal  is  inferior;  FIp,  bwiculus  lonni- 
tudiimlis  niediahs;  Ft.  bundle  uf  Turck  ;  Fii.  fBK'iculUH  unclnntUK:  fc. 
lamina  eomea  ;  Liat,  laniiim  me^tullaria  aupcrfielalin :  Lh.  subttbtntia  nigra ; 
A'.-l,  nucleus  amjKdHlBe ;  A'(,".  csuda  nuclei  taudati :  A7.,  pulanien ;  KR, 
nucleus  ruber ;  P.  basis  pednnculi ;  /YcA.  pleiaschoriuidcus:  P7W,  flisciculuB 
pedaDculo-inainmlllBriH,  pan  faasilariH,  or  peduncle  of  tlie  mammillBry  body ; 
Pid.  pulvinar ;  Qn.  collienlus  superior ;  1.  supcrfiuial  layer ;  2,  middle  layer  ; 
X.  deep  laypr;  An,  leinuisrus  mcdialis;  RTh,  ladiatio  orcipiluthalaniica 
UratiiiU'tii  RTh',  cortical  projection  flbrvK  Irata  the  globus  nullidus ;  RTM, 
priyection  Bbres  from  the  anterior  part  of  the  temporal  lone  KoiUB  tu  the 
pulvinar  (?) ;  fgAq,  stratum  griwum  centrale :  .■f£,  formatio  reticnlaris ;  mi, 
substantia  innominala  of  Reichert ;  atri.  stratum  amale :  Tap,  crus  fomicis ; 
T\.  thalamus:  Tal.  trigonum  ollkctorium :  V.  uncus;  Viph,  comu  inferius 
uf  ventriculns  lateralis;  W,  field  of  Wernicke:  XM,  fontainfartiof  Ilnubm- 
Jtr«NZHng  of  Meynert :  J&.  zona  reticuhirig  :  7/.  tnictua  opticus ;  llln.  nucleus 
K.  ■■cufo-mntiirii ;  HI.  Ma  rsdicutarin  N.  oculo-motiirii ;  XII.  cbiaHma 
opticum. 

the  optic  fibres  it  is  obvious  that  a  single  fibre  must  come  into 
contact  relntioQ  with  the  cell  bodies  and  dendrites  of  many 
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neurones  of  a  higher  order.  For  a  minate  description  of  lit 
terminalB  of  these  fibres  the  original  articlcB  of  these  inTOti- 
gatore  mast  be  conaolted. 


,  -.  -I -   -  .,      »  middle  Ifvfl: '' 

and  O.  optic  flhres  with  very  closely  intiTWoven  i-nd  arboriEiliuiis  ntoMiJ 
in  the  depth :  £.  bundle  oi  central  optic  path ;  P.  fibres  ruiitinuuii!>  vitb  tkr 
trectus  opticuR  ;  the  letter  E  corresponda  to  the  lower  portion  of  [be  nu]^ 
geniculatum  latemle. 

Von  Mouakow  helierea  that  between  the  terminals  of  the 
fibres  of  the  optic  tract  in  the  lateral  genicnlate  body  and  tlie 
cell  bodies  and  dendrites  of  the  neurones,  the  axones  of  which  p> 
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into  the  optic  radiationB,  Golgi  cells  of  Type  II  are  intercalated. 
He  thinks  that  otherwise  it  is  difficult  to  explain  the  findings 
in  cases  of  hemianopsia. 

A  certain  number  of  optic  fibres  have  long  been  known  to 
stand  in  intimate  relation  to  the  white  matter  of  the  collicalas 
superior  of  the  corpora  qnadrigemina.  Thanks  to  the  researches 
of  Ramdn  y  Cajal  *  and  ran  Oehuchten,!  the  proof  was  brought 


FlQ.  513. — Gol^  preparatian  from  the  pulvinar  of  a  moiDie  five  days  old.  One 
large  multipolar  cell,  with  ite  aione,  in  visible.  (After  A.  von  Kolliker. 
Hatiilbuch  det  Gewebelehre,  Bd.  ii.  Leipz.,  ISWt.  S.  68fi.  Fig.  696.)  The 
terminals  of  the  tnictus  opticus  are  viable. 

that  the  axones  which  terminate  here  in  the  superficial  gray 
layers  are  those  of  optic  fibres  which  have  their  origin  in  the 

■  Bam6n  j  Cajal,  S.  Sur  la  fine  structure  du  lobe  optique  des  oiseaui 
et  sur  I'origine  tMU  des  nerfs  optiques.  [Transl.  from  Rev.  trim,  de  histol.. 
1889.]  Internal.  MoDaat«hr.  f.  Anat.  u.  Physiol.,  Leipz.,  Bd.  viu  (1891),  S. 
887-876. 

t  *an  Oehuchten,  A.  La  structure  des  lobes  optiques  chez  rembryon  de 
pouleL    Cellule,  Lierre  and  Louvain.  t.  viii  (1893),  pp.  1-43. 


804  THE  NERVOUS  SYSTEM. 

ganglion  cell  layer  of  the  retina.  Since  their  studies  onr 
knowledge  of  this  region  has  heen  extended  by  the  researches 
of  Tartuferi  and  Held.  The  endings  of  the  optic  fibres  snr- 
round  ganglion  cells  whose  axones  partly  shorter  break  up  in 
the  superficial  gray  matter  immediately  on  entrance,  partlj 
longer  run  radially  into  the  deeper  layers  of  the  superior  cd- 
liculus  so  as  to  reach  the  same  regions  of  the  superior  coUicoios 
in  which  terminate  many  of  the  fibres  of  the  lateral  lemnisciu. 

The  difference  in  significance  of  the  superior  colliculufi  for 
the  optic  paths  in  different  animals  has  been  emphasized  esp^ 
cially  by  von  Gudden  *  and  Edinger.f     In  lower  forms  the  optie 
lobes — that  is,  the  region  of  the  corpora  quadrigemina-Hure  tk 
main  visual  organs.     In  higher  forms  the  corpora  quadrigemiia 
appear  to  be  active  mainly  in  reflex  functions,  while  the  lat^nl 
geniculate  body  represents  the  way  station  in  the  visual  path  to 
the  occipital  cortex.     In  higher  mammals  it  seems  probsUe 
that  the  occipital  cortex  alone  takes  part  in  visual  perception, 
for  the  superior  coUiculus  can  be  destroyed  without  any  dis- 
turbance of  light  or  color  vision.     Phylogenetically  the  superior 
colliculus  is  older  than  the  lateral  geniculate  body,  and  the 
latter  in  turn  than  the  occipital  cortex.     In  the  fish,  practicallj 
the  whole  of  the  optic  nerve  ends  in  the  roof  of  the  midbrain; 
in  birds,  according  to  Edinger,  one  gets  a  differentiation  of* 
mesencephalic  nucleus  (superior  colliculus)  from  a  diencephalic 
nucleus  (lateral  geniculate  body),  and  in  them  for  the  first  tine 
one  meets  with  a  genuine  occipital  cortex. 

The  medial  root  of  the  optic  tract  runs  into  the  mediil 
geniculate  body  where  most  of  its  fibres  appear  to  termimt^i 
although  some,  according  to  Obersteiner,  may  pass  through  tif 
brachium  quadrigeminum  inferius  into  the  colliculus  inferior. 
This  medial  root  of  the  optic  tract  has  no  connectioa,  as  wn 
Gudden  proved,  with  either  retina,  nor  with  the  optic  centre 
of  the  mesencephalon  and  diencephalon.     It  consists  in  tJif 
main  of  the  commissura  inferior  (Guddeni),  which  extends  b^ 
tween  the  two  medial  geniculate  bodies.      It  therefore  prob- 
ably represents  a  commissure  in  connection  with  the  auditt^rj 
system,  for,  as  will  be  seen  later,  the  medial  geniculate  body 


*  Op.  cit,  I  "^-^i 

f  Edinger,  L.    Vorlesungen  ueber  den  Baa  der  nervOsen  Centnloill**     |  ^^ 
V.  Auflage.  Leipz.  (1895).  S.  268  ff. 
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and  the  inferior  collieulus  of  the  corpora  qnadrigemina  are  im- 
portant way  stations  in  the  auditory  conduction  path. 

This  medial  root  of  the  optic  tract,  and  the  inferior  com- 
missure of  von  Gudden,  are  well  isolated  by  extirpation  in  the 
new-born  of  both  eyes,  as  has  been  seen  above  (Fig.  510). 

The  view  of  Darkschewitsch  and  Pribytkow,*  that  von 
Gudden^s  commissure  represents  a  crossed  connection  of  the 
medial  geniculate  body  with  the  nucleus  lentiformis,  is  sup- 
ported by  von  Bechterew,t  but  is  opposed  by  other  investigators. 

In  addition  to  the  commissura  inferior  Guddeni,  certain  other 
bundles  of  fibres,  some  of  which  may  be  connected  with  the  optic 
tract,  others  not,  have  to  be  considered  before  we  leave  this  portion 
of  the  optic  conduction  path.  These  are  the  commissura  superior 
Meynerti,  the  hemispheric  bundle  of  von  Gudden,  the  commissura 
ansata  of  Hannover,  the  commissura  hypothalamica  anterior,  and 
the  tractus  peduncularis  transversus. 

The  commissura  superior  Meynerti  has  been  described  by  Mey- 
nert,J  Forel,*  and  von  Gudden.  |  In  the  middle  line  in  the  rabbit 
it  lies  almost  dorsal  from  the  optic  chiasm.  It  then  descends  ven- 
trally  and  becomes  visible  latei*al  from  the  optic  tract,  first  looking 
narrow,  and  then  becoming  broader.  It  can  be  followed  lateral- 
ward  as  far  as  the  junction  of  the  medial  and  lateral  part  of  the 
base  of  the  cerebral  peduncle,  where  it  vanishes  from  view  (von 
Gudden).  In  human  beings  it  is  never  visible  except  in  sections, 
but  in  general  the  relations  are  the  same  (Figs.  514  and  515). 
Schnopf hagen  helped  to  confuse  investigators  in  that  he  designated 
Meynert's  commissure  as  the  inferior  commissure.  The  term  com- 
missura superior  should  be  applied  to  Meynert's  commissure,  and 
the  term  commissura  inferior  should  be  reserved  for  the  commissiire 
of  von  Gudden.  The  ultimate  termination  of  the  fibres  of  Meynert's 
commissure  is  as  yet  not  known.  According  to  Darkschewitsch  and 
Pribytkow  the  commissura  superior  Meynerti  represents  a  tract 
connecting  the  nucleus  lentiformis  of  one  side  with  the  nucleus 

♦  Darkschewitsch,  L.,  and  G.  Pribytkow.  Ueber  die  Pasereysteme  am 
Boden  des  dritten  Elirnventrikels.  Neurol.  Centralbl.,  Leipz.,  Bd.  x  (1891), 
S.  417-429. 

f  Ton  Bechterew,  W.  Die  Leitungsbahnen  im  Gehim  und  RQekenmark. 
Leipz.  (1894),  S.  103. 

X  Meynert,  T.    Strieker's  Handbuch,  iv  Lief.,  S.  732. 

^  Forel,  A.  Untersuchun^^en  fiber  die  Haubenregion  und  ihre  oberen 
VerknQpfungen  im  Gehime  des  Menschen  und  einiger  Sfiugethiere.  mit  Bei- 
trftgen  za  den  Methoden  der  Gehimuntersnehung.  Arch.  f.  Psychiat.  und 
Nerrenkr.,  Beri.,  Bd.  vii  (1877),  S.  481. 

I  Op.  ciL 
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hypothalamicus  (corpus  Luysi)  of  the  opposite  side,  while  Fie 
assumes  that  it  represents  a  decussation  hetween  the  medial 
niscus  of  the  two  sides.  These  theories  of  its  nature  are  contrad 
by  the  results  of  Mahaim's  investigations  of  secondary  degc 
tions  in  human  beings.'^ 


'/ 


SS<iti^^**J  •  r       ■--.?'      >■>*-..,-    STiX 


Fig.  514. — ^Transverse  section  of  a  normal  human  optic  chiasm  about  the  mi 
( After  B.  vonGudden,  Gesammelte  und  Hinterla^^ne  Abhandlnng.  Gn 
Wiesb.,  1889,  Taf.  xix,  Fig.  20.)  B.T.c,  bundle  to  the  tuber  cinereuiD 
chiasma  opticum ;  C.M.^  commiasura  superior  Meynerti. 


cjcal 


Fig.  515. — Section  from  the  brain  of  a  child  three  months  old.    Weigfft-JI 
preparation.     (After  W.  von  Bechterew,  Die  Leitungsbahnen  im  Geiinjf 
Ruckenmark.     Deutsch  von  R.  Weinberg,  II.  Aufl.,  Leipz.,  1809,  &2Arv 
174.)    ceo/,  corpus  callosum;  cA,  chiasma  opticum;  ct,  capsulainterniif^ 
commissura  superior  Meynerti ;  csl,  nucleus  hyjiothalamicus  (coiTtt  IJ^ 
gp,  globus  pallidus;  far,  fibres  from,  the  nucleus  ruber  and  the  cxaitiw** 
of  the  brachium  conjunctivum  to  the  globus  pallidus  and  to  the  thal'*^ 
ti,  teenia  thaiami ;  fro,  tractus  opticus ;    Vm,  ventriculus  terttoa. 

*  Mahaim,  Albert.  Ein  Fall  von  secundfiren  £rkrankuug  des  Ttah*" 
opticus  und  der  Regio  subthalaroica.  Arch.  f.  Psychiat,  und  Xerteiik'-^ 
XXV  (1893),  S.  343-382. 
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nniepheric  bundle  of  von  Gudden  *  lie  describes  as  a 
fibres  in  tlie  optic  tract  which  goes  over  to  the  most  lat- 

)f  the  base  of  the  peduncle,  that  portion  of  the  }>es  which 

^t  to  the  tractus  opticus,  and  thence  enters  the  cerebral 

■e.     This  bundle,  von  Gudden  stated,  does  not  atrophy  on 

a  of  the  eyes,  but  disappears  after  extirpation  of  the  cere- 
sphere.     He  citea especially 

ment  of  Oanser,  who  in  the 

rabbit  destroyed  the  chiasm 

mmissura  inferior  G-uddeni, 

ng  to  complete  atrophy  of 

ponding  parts  of  the  optic 
leaving   the    hemisplieric 

injured  and  completely  iso- 

'.  516).    Since  these  studies 

.dden  and  Ganser,  however, 

las  been  added  to  our  knowl- 

is  bundle. 
the  name  of  the  commis- 

ita  of  Hannover  von  KoUi- 

bes  those  fine  fibres 


'ersely  and  obliquely  on  its 
order.  In  sagittal  sections 
nake  out  that  these  fibres 
■om  the  lamina  cinerea  ter- 
ad  from  the  gyrus  subcal- 
)me  authora  have  thought 
are  continued  into  the  optic 


and  the  tnctus 
upticus  near  tli«  middle  line 
Uim  acnitei.  In  tliU  way  vtm 
Qudden'B  hutiiiBpherie  bundle 
or  the  optic  tract  was  isolated 
SH  a  hand  of  white  matter  which 
pawos  from  the  aur^ce  of  the 
corpuH^nicu  latum  lateiBleint« 
the  baoiH  U'dunculi.  (After  B. 
von  Gudden,  Ocsainmelte  und 
Uinli^rhisaene  Abliaudluneen. 
Granhey,  Wiesb..  1889.  Taf, 
"  FiR.  2.)  H.B..  hemis- 
;  bundle   of  the   tnictuB 


!  hypothalamica 
'the  bundle  designated  by 
den  as  B.  T.  c.)  was  first 
Ganser  the  decussatio  subthalamica  anterior.  According 
Slliker  it  runs  dorsalward  lateral  from  the  columns  of 
and  then  becomes  lost  in  the  other  fibre  bundles  running 
ne  direction  (ansa  lenticularia,  inferior  peduncle  of  the 
and  portions  of  the  atria  medullaris)  (Fig.  517). 
ictua  peduncilaris  tran»verims,  according  to  von  Gud- 
undle  beginning  in  front  of  the  superior  colliculus  and 
bliquely  over  the  base  of  the  cerebral  peduncle,  turning 
(  medial  border  to  sink  into  the  base  of  the  brain  in  front 
fion  of  exit  of  the  nervus  oculo-motorius.  Von  Gudden 
t  it  atrophied  entirely  in  the  rabbit  after  removal  of 

*  TOD  Qudden,  B.  (>p.  cil. 
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both  eyes  Its  significance  ib,  however  as  yet  but  imperfectlr 
understood  The  best  reoent  descnption  is  that  of  von  KSlt 
ker*  who  finds  three  tractua  peduaculares  transrersi  on  rati 
side  in  the  rabbit— a  main  bundle  and  two  accessory  bandla 
This  author  states  that  the  mam  bundle  arises  from  a  small  mmii 


■eriiir  Heyntrti  G  ganglion  opUcnni 
;  /)i.  baKigpeiliiiKuli  ^  stitns  iitf«i 
K  opticus ;  /  IJ  III   nudirus  lentifun 


Fh..  517.— Fronlal  section  thninghthe  hami 
(ArtrrA.  vim  Kulliki-r,  Handbuvh  dir 
678.  Fig.  9S6. )     Hi,  nnsa  Ipnticularin    Ca    i 
rolumoa  fumidB :  Chn,  commJEsura  hypiithalamica  a 

Dui^lrnH  aiiSK  prdunculnris :   " 
Th,  thHlamuB;  Tr.a 


nucleus  which  lies  lateralward  from  the  nucleus  rub«-  it  ibt 
ventral  end  of  the  nucleus  lateralis  posterior  tbalami  of  ^'>k 
He  believes  that  the  bundle  terminates  m  the  superior  collicnlii!  J 
the  corpora  quadrigemina.  probably  in  its  deeper  layers.  \oeBi^ 
terew  t  derives  the  bundle  from  a  small  oblong  conical  ni«s 
gray  matter  which  lies  between  the  nucleus  ruber  and  thf  ^ 
stantia  nigra  which  he  calls  the  nucleus  tractus  peduiKiilB' 
Iransversi. 

We  may  neit  properly  consider  the  cell  bodies  aod  it* 
dritea  of  the  neurones  {optic  neurones  of  the  III  Order)  in  * 
centres  in  which  the  retinal  fibres  terminate  and  tn«  ^ 
distribution  of  their  axonea. 

The  colliculus  superior  of  the  corpora  qaadrigemiD* 
largely  developed  in  lower  animals,  is  but  rudimentarr  in  ■' 
On  section  one  can  make  out  in  it  a  distinct  stratum  loo^' 


•  Op.  cit.,  S.  606  ff. 
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the  surface  beneath  which  is  the  stratum  griseum  colliculi  supe- 
rioris,  which  in  turn  is  separated  from  the  stratum  griseum  cen- 
trale  (the  so-called  centrale  H'dhlengrau  of  the  Germans)  by  the 
stcatum  album  profundum.  The  general  disposition  of  white 
and  gray  matter  in  the  superior  colliculus  will  be  clearest  if  we 
refer  to  sections  through  this  body  in  the  rabbit. 

The  stratum  zonale  consists  of  a  thin  peripheral  layer  of 
white  fibres  (von  KoUiker's  aeussere  weisse  Lage). 

The  stratum  griseum  colliculi  superioris  can  be  subdivided 
into  several  layers,  among  which  is  to  be  seen  the  so-called  mid- 
dle white  matter  (von  KsUiker's  mittlere  weisse  Lage)  of  the 
superior  colliculus,  which  may  with  propriety  be  designated 
the  stratum  album  medium.  These  white  fibres  assume  an 
antero-posterior  direction,  and  are  in  large  part  terminals  of 
optic  fibres  which  have  entered  the  colliculus  superior  by  way 
of  the  brachium  quadrigeminum  superius.  The  superficial  layer 
of  gray  substance,  which  I  shall  call  the  stratum  griseum  super- 
ficiale,  is  narrow,  contains  relatively  few  ganglion  cells,  and  is 
of  rather  small  size.  This  is  the  so-called  cappa  cinerea  of  the 
superior  colliculus  (von  KoUiker's  aeussere  graue  Zo?ie), 

The  stratum  griseum  profundum  contains  a  relatively  large 
number  of  nerve  cells,  many  of  which  are  of  very  large  size. 
The  meduUated  axones  of  these  help  to  form  the  stratum  album 
profundum. 

Von  KOlliker  describes  the  gray  matter  between  the  stratum 
album  medium  and  the  stratum  album  profundum  as  the 
"middle  gray  zone,"  reserving  the  term  "deep  gray  zone" 
for  the  gray  matter  in  among  the  superficial  and  deep  fibres 
of  the  stratum  album  profundum  (Fig.  518).  In  the  nomen- 
clature of  Tartuferi,  the  stratum  album  medium  plus  the 
middle  gray  zone  of  von  Kdlliker  become  the  strafo  bianco- 
cinereo  superficiale^  while  the  stratum  album  profundum  with 
its  gray  matter  is  designated  by  him  the  strata  bianco-cinereo 
jprofundo. 

According  to  Ramon  y  Cajal,  the  most  important  optic 
fibres  ending  in  the  superior  colliculus  come  from  the  zone  of 
antero-posterior  medullated  nerve  fibres,  designated  above  as 
the  stratum  album  medium  (Tartuferi's  strata  bianca-cinereo 
-svperficiale)^  which  lies  beneath  the  peripheral  gray  cortex. 
-A^pparently  the  fibres  of  the  stratum  zonale  are  not  direct  con- 
'^inuations  of  optic  fibres,  since  after  extirpation  of  the  eye  no 
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dflgeneratioD  of  these  fibres  can  be  demonstrated  by  Marcii 
method     Ramon  y  Cajal  suggests   that   they  represent  a 


Fia.  SIS. — Frontal  spctinn  throngh  therolliralUBanperinrnf  the  nhhit  Saintf 
by  Weieerf a  mi-lhod.  (After  A.  von  Kolliker,  Uandhurh  derTrtnlvMii. 
Bit.  ii.  Loipz..  ISM.  ».  111.  Fig.  571.)  Ofr.  )rtn>tiiiii  grivum  reDlnlctiA 
nnriiate  fibres  and  radial  fibres;  a,  aquednctus  cerebri :  i>B. decunBlifl"^ 
coiijunetivi :  Fl,  fa«'iriilUB  pBdanculo-mammillarifi,  pan  tefjatnait^  * 
transverse  section  :  <lip.  ganglion  interpednneulare :  /.n.  lemnLviu  wii'i' 
AV.  nudeUB  ruber;  Pan,  fasciculus  [M^daneu1n-^ulm^lilbl^s.  ptis  bnulc 
{peduneulus  corporis  mammiiiarin) ;  Bo,  basis  piiluneuli :  (^,  nlli'i'' 
superior;  iSn.  BubstaiitiB  nigra;  ///.  nnrleus  N.  oculu-motorii.  witb  iv  ^ 
fibres;  gr.  gr'.  pr",  gray  layers  of  the  colliculus  superior;  ir',  a*,  i*. •!* 


arborizations  of  axones  which  arise  from  cells  in  thecortt"* 
the  colliculns  itself. 

In  the  cappa  cinerea  of  Tartuferi,  besides  the  small  c«i«^ 
stellate  or  spindle-shaped  cells  described  there  by  Tartaferitf 
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P.  Ramun  j  Cajal,"  S.  Ramon  y  Cajal  describes  certain  other 
cell  types:  (a)  marginal  cells,  (b)  horizontal  Bpindle^haped 
cells,  (t)  small  cells  vith  dendrites  directed  outward. 


Fio.  518.— Ttansvorae  wction  through  the  colUcnlna  HUpfrior  of  a  rahbit  eight 
days  nld.  (Alter  S.  RAin6n  y  (.^al,  Boitrag  zum  Studlum  di-r  Medulla 
Ohlonuta.  etc.,  Brenlcr,  Lcipz..  1896.  8.  30.  Fig.  T.)  A,  surface  at  middle 
line:  a,  lamina  griHca  BuprrficiHllB  ( Tartu rcri'B  cappn  riavrra) ;  C,  layer  of 
optic  flhresi  D,  layer  of  Bbres  running  transvereelj'  (Tartufuri's  Btrato- 
biancocineiva  pmfiindo :  a,  marginal  cells;  b,  horizontal  spindle  cells;  e, 
■ame  kind  of  cell  with  well-marhed  aiunu :  d.  amall  cell  with  complicated 
dendrites:  e,  vertlml  spindle  cells;  /,  g.  k,  different  types  of  cells  of  the  gray 
layer;  j.  k,  apindle-shaped  types  of  cells  of  the  optic  biyer  ;  M.  L.  cells  of  the 
la^cT  of  transverse  fibres;  m,  collateral  descending  toward  the  stratum 
gnsenm  centrale  ;  n,  end  arbonzatioD  of  an  optic  fibre. 

The  axones  of  the  small  marginal  cells  (Fig.  519,  a)  are 
delicate ;  they  run  downward,  but  their  termination  is  uncer- 


*  Ramon  y  Caj&i,  P.  InvestigBCJones  de  histologia  comparada  en  1 
centroB  de  la  vision  de  distintos  vertebrados,  I6S0;  Investigaciones  mici 
graflcas  en  el  encefalo  de  los  batracios  j  reptiles,  cuerpos  geniculados 
tuberculos  cuadrigeroinos  de  loa  raamiferos.    Zaragoza,  1894. 
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tain.  The  spindle-shaped  cells  placed  parallel  to  the  snrfatt 
of  the  colliculus  show  polar  dendrites,  two  or  three  in  nomber. 
which  run  horizontally,  divide  once  or  twice  dichotomoaslj,  and 
end  with  free,  somewhat  jagged  terminals  (Fig.  519,  6).  Their 
axones  usually  arise  from  the  dendrites  and  also  run  horizoo- 
tally,  soon  breaking  up  into  a  number  of  small  branches  wfaicii 
are  distributed  in  the  first  layer.  They  appear  to  be  Gote 
cells  of  type  II.  The  small  cells  with  dendrites  directed  om- 
ward  are  triangular,  ovoid,  or  stellate  in  shape.  They  poeees 
from  one  to  three  or  more  dendrites,  which,  branching  mini- 
f oldly,  form  an  irregular  complex  bundle  of  delicate  tortooos 
terminals.  The  dendrites  are  so  delicate  that  they  might  be 
taken  for  axones.  The  axones,  however,  descend;  they  ire 
short,  but  little  branched,  and  reach  as  far  as  the  zone  of  optk 
or  antero-posterior  fibres  (Fig.  519,  rf). 

The  ending  of  the  optic  fibres  has  already  been  described. 
The  axones  of  the  large  nerve  cells  of  the  stratum  griseum  pro- 
fundum  and  in  the  stratum  album  profundnm  itself  pass  Ten- 
tralward  in  the  stratum  album  profundnm,  bending  aroand  tbe 
gray  matter  which  surrounds  the  central  canal,  and  giving  off 
in  their  course  collaterals  to  the  adjacent  gray  matter.    Ai 
they  curve  they  often  undergo  T-shaped  division,  one  bruicb 
passing  dorsal  ward,  the  other  ventral  ward,  the  dorsal  branches 
terminating,  as  a  rule,  soon  after  their  origin,  a  few  of  tbem 
passing,  however,  to  the  superior  colliculus  of  the  opposite  side. 
The  ventral  branches,  along  with  the  undivided  axones,  unite 
to  form  the  curved  system  of  fibres  which  run  along  the  margin 
of  the  central  gray  matter  (Held).    These  arched  fibres  p«s 
ventral  to  the  fasciculus  longitudinalis  medialis  and  nnclens  X. 
oculo-motorii  as  far  as  the  middle  line,  where  thej  decussate, « 
Held  has  shown,  with  similar  fibres  from  the  opposite  side  in 
what  Forel  has  called  the  ^*' fontaineartige  Haubenkreuzung  of 
Meynert."    The  fibres  then  pass  downward  toward  the  medoDi. 
and  in  human  beings  soon  enter  into  the  fasciculus  longitudi- 
nalis medialis.     In  cats  and  rats  Held  found  it  forming  a  sepa- 
rate bundle  from  the  fasciculus  longitudinalis   medialis  for 
some  distance.     As  these  axones  pass  downward  they  give  ot 
from  different  regions,  collaterals  and  terminals  to  the  varioos 
motor  nuclei  which  innervate  the  eye  muscles,  a  fact  which 
accounts  for  the  eye  muscle  reflexes  which  result  from  retinal 
stimulation.     The  superior  colliculi  of    the   corpora  quadri- 


\ 
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gemina  appear  to  represent  the  central  organ  concerned  in  the 
control  of  the  eye-miiacle  movementa. 


The  corpus  geniculafum  laterale  is  a  part  of  the  metathala- 
mus  of  the  thalamencephalon.     It,  together  with  the  pulvinar 


Flu.  620. — SchL'inittic  frontal   section  through  the  orripilal  lube.      (After  H, 
Sarhs,  Das  Hi'iuisphan-ninark  den  Menschlithtn  Gnitnhlrns.  1.  Dur  Hlnter- 

tuuptlappen.  L<;ipz.,  1892.  it.  S,  Fix.  3. )  r.  cumu  pualcnus  veiitriculi  Uteralin ; 
f.c,  SfBUTu  mlvarinni  *.  opper  division ;  i.  lower  diviiiiiin :  eott.  HDlriiH  col- 
latcnliH;  i.o.I,  sukiu  occipitalis  superior  (flnnini  interparietalinl ;  i.o.tl, 
gDlciu  occipitalis  meilius;  ».b.UI,  ouIcub  ovcipitslis  inrerior;  ca,.  cakar  aviB ; 
g.l.,  syniH  lingual M ;  it./.,  gyms  fusiformlH:  ji.o.*,,  gyniHoiwIpItaliiisupfrior; 
g.o.n.,  gyrus  occipitalis  mediuH;  fl.o.i..  g^niB  occipitalis  inferior;  c.  cuneus; 
l-IO,  forceps;  H-Ii,  stratam  tugitliile  internum;  15.  stratum  mgittale  ex- 
ternum ;  16,  stratum  calrarinum :  17,  stratum  cunei  transversum ;  IS,  stratum 
proprium  ounei;  19,  sCrntuin  proprium  t.o.I:  SO.  stratum  proprium  t.o.TI:  il. 
iitratnm  proprium  ir.a.///;  ti,  stratum  pruprium  i.coU. :  £3.  stratum  profunilum 
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of  the  thalamus,  representa  the  main  termination  of  opdt 
fibres  in  the  diencephalon.  The  general  characters  of  tlit 
lateral  geniculate  bod;  have  already  been  described  {vuienfn\ 
The  gray  matter  inside  the  lateral  genicalate  body  in  hiimi 
beings  is  known  as  the  nucleus  corporis  geniculati  Utenk 
The  majority  of  the  cells  situated  here  possess  asoues  »M 
run  out  through  the  radlatio  occipito-thalamica  (Gratioleti)  to 


Lobulm  parittaiii  lupn-ior.  Sutciu  inltrparit 


A  sp4i  Arra  npptfed  bjf  arieria  crrtbri  nedia. 

t  W^  Arra  tu^ttifd  bg  arteria  etr^fri  porterior. 

C  '^{UnMtifqiifd)  ArtatuppiiedbifarieriacrTebriantfi 


terminate  in  the  cortex  of  the  occipital  lobe  of  the  hemiJiibcR 
The  medullated  axones  extending  between  the  lateral  fm» 
late  body  and  the  cortex  pass  at  first  lateral  from  tlie  \tiifi 
geniculate  body  and  form  an  area  known  as  Wernicke's  6^' 
The  fibres  are  joined  by  others  from  the  pulvinar  and  fnoi  1^ 
colliculua  superior  of  the  corpora  qnadrigemina.  Ther  tit 
turn  around  the  nucleus  caudatus  and  the  lamina  semicirenlH* 
and  enter  the  optic  radiation.     Gratiolet's  radiation  fontf* 

*  TDD  Monakow  calls  this  "  dot  laltraU  Mark  "  at  ifae  Uwral  g^*^ 
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large  sagittal  bundle  {alra/um  mgittale  internum  of  Sache,* 
Fig.  530),  which  rnns  all  the  way  back,  dorsal  and  lateral,  from 
the  cornu  poBteriua  of  the  lateral  ventricle  to  the  cnneus. 

The  white  matter  of  this  region  includes  the  tapetum,  the 
genuine  optic  radiations,  and  the  so-called  fasciculns  longitu- 
dinalis  inferior.  The  relations  of  these  bundles  to  one  another 
are  well  shown  in  the  accompanjing  diagrams  (Figs.  5^1,  522, 
and  523),  selected  from  von  Monakow.  The  medullated  azones 
from  the  lateral  geniculate  body  are  situated  in  the  occipito- 
tbalamic  radiations,  ventral  from  those  arising  in  the  pulvinar. 
As  the  fibres  extend  toward  the  occipital  pole,  those  arising  in 
the  lateral  geniculate  body  tend  to  become  distributed  to  the 


LobutuM  parietaliM  nperit 


[O.  Baa.— Frontal  section  i 
radUtinn.  etc.  (After 
20.  Fig.  14. ) 


medial  surface  of  the  hemisphere,  especially  to  the  cuneus  in 
the  region  of  the  calcarjne  fissure  (Fig.  584). 


*  Sachs,  H.  Das  HeTnisphftrenmark  des  meoschlichen  Grosshims.  1. 
Der  Hintorhauptlappen.  Arb.  a.  d.  psychiat  KlmJk  in  Breslau,  Leipijg 
(1892). 
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A  superb  demonBtration  of  the  exact  position  of  the 
from  the  cells  in  the  lateral  geniculate  body  is  afforded  li 
zontal  sections  through  the  brain  of  a  newborn  babe.  . 
age,  as  Flechsig  has  shown,  these  fibres  are  meduUated,  w 
the  other  fibres  of  Gratiolet's  radiation  are  as  yet  noo- 
lated,  and  one  can  follow  them  as  a  very  definite  bundle  f 
out  fan-shaped  from  the  posterior  superior  lateral  surfact 
ward  as  far  as  the  wall  of  the  ventricle,  and  upward  ain 
the  npper  border  of  the  thalamus.  This  bundle  has  been 
by  Flechsig  •  the  "  optic  radiation  in  the  narrower  sen* 
distinguish  it  from  Gratiolet's  radiation,  or  the  "  optic  rwl 
in  the  wider  sense."  Flechsig  feels  sure  that  the  aionee 
the  lateral  geniculate  body  ("  optic  radiation  in  the  nar 
sense")  end  exclusively  in  the  wall   of   the  fissura  cult 


Lobulua  parietalia  auperior. 


'  Radialio  oedpilt-aala 
\aTaliBtttif. 


tin  aiieria  rtrebri  oi 


eArra  tupplied  buarttria  i 
uAreatupptitd  bj/ar' 
-{XTiulippledi  Area  n 


{Fig.  535).  He  assumes,  further,  that  these  fibres  reprw* 
the  indirect  continuations  of  the  fibres  from  the  niacnlil'i'* 
If  he  be  correct,  the  clinical  significance  of  the  fact  is  obn* 
By  the  study  of  secondary  degenerations  the  relation  f^ 
ing  between  the  lateral  geniculate  body  and  tbe  corlti*" 

*  Fleuhsig,  P.    Gehim  und  Seele,  ii,  Aufl.,  Leipi.  (1896),  Anm  9>" 
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been  well  illustrated.  Von  Monakow  has  shown  that  in  lesions 
of  the  occipital  cortei  in  man  invoWing  the  region  in  which 
the  occipito-thalamic  regions  terminate,  there  results  degenera- 
tion, with  absorption,  of  the  radiation  of  the  lateral  geniculate 


Pro.  534.— Piwterior  part  nf  lell  ccrvbra)  liemlspherR ;  DinlUl  suiUer.  TliB 
ai'ptiitu  luriilum  hns  been  rvmovi'd  anil  the  pi-dunculuK  cvivbri  rut  thruliKb 
■■liML'  to  the  thalBiiiuit.  lAftvr  J.  Heiilp.  Handbui-li  der  NFrveiili'hn!  dm 
Mvnachen,  II.  AuH.,  BrouiiM-h.,  IBTO.  S.  IM,  Fix.  105.)  T.  rumus;  <Va,  cur- 
pus  nummillare ;  Ceb,  crass  awtion  of  piilunruluH  ct'relirl ;  Cet.  cirpus  cal- 
liwum :  (^,  curpuH  gcnivultitum  lat^nilt' ;  fbo,  commisiiim  anterior  rcit'liri ; 
(^,  colliuujiw  KUpi-Hor;  f\.  corpus  HtrUtum  Innclfua  caudntiisj;  Fd,  bwia 
dcntata;  fi.  flmbria;  Fiik,  flimint  ralcarina;  Fop,  fliwuni  pari(>tii.ni'cJpiltiliH ; 
'y.  By"'"  I'luRuU ;  ft*,  gyrua  hippomnipi ;  (iV.  uncun;  /Ve.  piwcuncus;  .'^, 
BUlwtantia  niKra;  Tap,  tHprluui ;  Th,  lhaliiniU!<:  n,  tubettulum  a~  ~  ~' " 
"      "  tusoViw-    ■  - 


thalauii :    /,  t 


;  //.  n.-r 


in  UptiCUH, 


body,  and  the  ganglion  cells  of  the  lateral  geniculate  body 
atrophy,  and  finally  disappear  (Fig.  526).  Von  Monakow  has 
farther  shown,  by  repeated  experiments  on  animals,  that  extir- 
pation of  the  visual  sense  area  of  the  cortex  leads  to  degenera- 
tion and  disappearance  of  the  majority  of  the  ganglion  cells  of 
the  lateral  geniculate  body.  The  changes  in  the  lateral  genicu- 
late body  under  these  conditions  are  in  marked  contrast  with 
those  which  occur  when  the  optic  tract  is  diseased  or  experi- 
mentally cut.  Whereas,  in  the  former  case,  it  is  the  ganglion 
cells  of  the  lateral  geniculate  body  and  the  white  matter  of 
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Wernicke's  field  whicli  degenerate,  in  the  latter  instun  tk  J 
ganglion  cells  and  the  white  matter  of  Wernicke's  Mm  f 


Flo  SaS— BoruonUil  sHtiuD  rmm  the  bnin of  m  chiM  in  the  sfmbJ •" 
I  After  P,  Fln-hsgi.  Uehim  UDd  Swlr,  Leipt.  1806,  Taf.  iii,  Rf.  »■    '  "" 
caudatus :  P.  putuorD  :  Cgp.  glubiu  pallidas. 

practically  aninjored,  hut  the  fibres  of  the  optic  tnetu^''' 
terminals  (substantia  gelatinosa  of  the  lateral  genicoliU  "^^ 
ranish. 

The  region  of  the  pnlvinar  in  which  the  optie*'*'"'' 
tenmnste  resembles  very  closely  in  it*  histol<^cal  "PP*"" 
the  lateral  geniculate  body.  The  cell  bodies  situated  btc  r* 
off  axones  which  enter  the  radiatio  oocipito-thalamia  1'^"'^ 
leti]  in  a  plane  dorsal  from  that  occapied  by  the  mcdtV* 
iuouee  from  the  lateral  geniculate  body. 
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As  to  the  ezistetice  in  man  of  neurones  with  cell  bodies 
situated  in  the  colliculus  superior  and  axones  extending  to  the 
visual  aenae  area  in  the  occipital  cortex,  there  is,  aa  yet,  aome 
doubt,  although  the  findings  in  the  superior  colliculua,  after 
disease  of  the  visual  senae  area,  would  lead  one  to  beliove  that 
at  leaat  a  certain  number  of  such  neurones  exist.  It  is  probable 
that  the  cell  bodies  of  these  neurones  are  situated  in  the  stratum 
griseum  coUicuU  superions,  and  that  the  aiones  pass  by  way  of ' 
the  brachium  quadrigeminum  auperiua  and  the  radiatio  occipito- 
thalamica  to  the  cortex.    Just  what  impulses  are  carried  by 


Fm.  528.  Normnl  and  doRenemted  corpuit  ftcniculatiim  labrele  i  ^rtor  C.  van 
Miniskow,  UfhirniMtholoKii-.  Witn  IIOT  S  380  Fikr.  R8  and  flS  \  Nor- 
ihbI  corpus  geniculHtum  lat^nle  B  Curpus  mniculBlum  lahralp  ileKen- 
vrated  after  hiIpdhvi'  Icidnii  in  the  liibuH  tenipiiralin  and  Itibu*  iKupitalix  of 
the  left  Rjfli-.  n.  maneVH  uf  xmall  KnnKlion  cilU  ansniic'd  in  layrn.  ithiiwu 
atruplik-  (nif)  in  B:  n,  lamina  mi-dullitn  >  ahimn  almphir  mif)  iu  B  A  yen- 
Iral  msflsof  larjte  rlcraeiits:  (a.  ttaitURoptiFU'i  m'  dorwl  wliilp  ni|Mul(.  In 
Fig.  B.—ad,  Inm  uf  RHnifiion  rdlh  in  t ho  dorsal  lavtri-  M  total  dpRiiif ration 
uftht  larginllsin  tlmi-cntialnKtou     Tht  optii  trait  la  atmphK  m  R 

these  fibres  does  not  yet  seem  clear,  for  in  man  the  superior 
coUiculus  can  be  entirely  destroyed  without  any  recognizable 
disturbance  of  light  or  color  vision. 


^v> 


TTZ  5331' 


Fio.  AZ7.— Frrintal  Nn-tKni  thmagh  the  nacleiis  habeoalie  and  the  tbaJunv^ 
tH'wUim  tnotiw?.  ^  AftcT  S.  Kam6n  y  C^jal.  Beitng  ziun  Studiam  der  Mfwi 
(Hilonipitii.  Hrtrnh'T,  lA'ipz.,  1896,  S.  105,  Fig.  25.)  A,  tnu-tos  optima:  R.<^ 
1ml  optir  fiHth  ;  (\  p«-<luiiculus  rerebri ;  /),  handle  oollei-ting  the  deepii"* 
from  th«*  thftlamuM:  E,  corpus  Kenirulatum  laterale  :  F.  strtktam  aooilf :  ^• 
iiiirii'im  halN'tiulie  ;  //.  commimiira  interhabenularis:  /,  media]  Uiabvf 
hiindli' :  ./.  fliM'irtiluK  thalamo-mammillaris ;  L.  fiiscicalixs  thaLuno-ntfi*^ 
larifi  Vi<'4|  d' Axyri ;  M,  columna  fomieis ;  a,  axonesof  the  corpus  |;enk«to"" 
IttU'rale  going  to  the  central  optic  path  ;  fr.  deep  axoDea. 
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rabbit.*  Ilam6n  y  Cajal  distinguishes  a  superficial  and  a  deep 
optic  path  extending  from  these  lower  centres  to  the  occipital 
cortex. 

The  superficial  path  arises  from  the  superficial  zones  of  the 
lateral  geniculate  body,  and  perhaps  from  the  region  of  the 
stratum  zonale  of  the  thalamus.  This  path  accompanies  in 
part  the  continuation  of  the  optic  tract  itself,  and  having 
arrived  at  the  pedunculus  cerebri,  turns  medialward  in  order  to 
enter  into  the  upper  portion  of  the  latter,  where  a  large  tri- 
angular bundle  exists,  sometimes  separated  distinctly  from  the 
other  fibres  of  the  peduncle,  a  bundle  which  Samon  y  Cajal 
calls  the  "  central  optic  path  "  (Fig.  527). 

The  deep  optic  path  is  much  more  important.  It  collects 
the  axis  cylinders  of  the  cells  lying  deep  in  the  lateral  genicu- 
late body  as  well  as  those  of  the  stratum  zonale,  forms  a  curve 
slightly  concave  lateralward,  and  enters  the  "central  optic 
path  "  on  its  medial  border. 

Some  of  the  axones  entering  the  "  central  optic  path  "  un- 
dergo bifurcation,  one  branch  ascending  with  the  main  bundle 
of  this  path  into  the  corpus  striatum,  the  other  descending 
toward  the  tegmentum.  Ramon  y  Cajal  suggests  that  the 
descending  branches  may  represent  a  reflex  path  between  the 
visual  centres  and  the  motor  nuclei  of  the  eyes,  of  the  head, 
and  of  the  neck. 

It  is  of  the  highest  interest  and  importance  that  Ramon  y 
Cajal  has  been  able  to  follow  the  axones  of  the  "  central  optic 
path  "  in  the  new-bom  mouse  throughout  their  entire  course, 
from  their  entrance  into  the  corpus  striatum  as  far  as  their 
termination  in  the  occipital  lobe.  He  describes  the  bundle  as 
occupying  the  most  medial  part  of  the  peduncular  radiation  in 
its  passage  through  the  corpus  striatum,  and  states  that  the 
fibres  having  arrived  in  the  white  substance  beneath  the  cortex, 
go  upward  into  the  gray  substance  of  those  cortical  regions  in 
which  the  white  stripe  of  Gennari  or  Vicq  d'Azyr  f  is  especially 


♦  Ram6n  y  Cajal,  S.  Structur  des  Thalamus  opticus.  Beitrag  zum  Studi- 
iim  der  Medulla  Oblongata  des  Kleinhims  und  des  Ursprungs  der  Gehirn- 
nerven.  Leipz.  (1896),  S.  101. 

f  This  stripe  is  also  sometimes  called  Baillarger's  layer.  In  the  cortex 
of  the  calcarine  fissure  it  is  split  into  two  bands  of  white  fibres  which  run 
parallel  to  one  another,  the  so-called  internal  and  external  stripes  of 
Baillarger. 
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Pio.  628.— <Rootion  throuRh 
tho  cortex  of  the  gyms 
ot'cipitnliHKUpt^rior.  (Aft- 
or  (-.  HRnmiarbt^rg,  Stu- 
dior  l}t\v>r  IdiotieiiB  Klin- 
ik  och  IHitologi,  etc..  ITp- 
Wila,  18e3.Tbf.  ii,  Fig.4.) 


well  dereloped,  a  finding  wiik^  i 
entirel J  with  the  embxycila^ic&I  ofe 
tionfi  of  Flechfiig.      TTnf  arcmiflX^ 
ultDBite  teiminals  m  i^ie  gnj  bus 
the  cortex  were  not  impre^nsted  i 
mon  J  Cajal*6  prepaTstioiis.  poesOi^ 
caiise  the  tenninalfi    in    the  nev- 
mooBe  hftd  Dot    yet    derelope^ 
Kolliker,  in  diBciiBBiii^   these  fan 
finds  it  Btjiking  thjKt    Bamon  j 
has  referred  kO  of  the  »YonftP  of  thi 
which  lie  in  the    distribixtiaD  ed 
opticus  to  the  centripet;al   optic 
especiall  J  as  it  was  Ramon  r  Cajd 
self  who  disoorered    centHfogal 
fibres  in  Tnammals,  and   beliered 
he  had  found  sach  in  birds. 

The  strQctnre  of  the  pHmarj  i 
sense  area  in  the  cerebral  cortex- 
is,  of  the  region  in  which  the  fits 
the  occipito  -  thalamic  radiations  t 
nate — has  been  studied  by  a  nnml 
inyestigators.  One  of  the  best  de 
tions  is  that  of  S.  Bamon  y  CajaL^ 
can  not  do  better  perhaps,  in  ord 
illustrate  the  extreme  complexity  o 
cortex  in  this  region^  than  to  intro 
here  the  fignre  embodying  the  resa 
the  exact  studies  of  the  Swedish  i 
tigator  Hammarberg  f  (Pig.  528). 

As  to  the  termination  of  the  fibi 
the  occipito-thalamic  radiation  in 
cerebral  cortex,  von  Monakow  beli 
from  the  study  of  secondary  degei 

*  Ramon  y  Cajal,  S.  IJeber  den  Bai 
Rinde  des  unteren  Hinterhauptlappens 
kleinen  S&ugethiere.  Ztschr.  f.  wissensch.  i 
Bd.  Ivi  (1893),  Heft  4. 

f  Hammarberg,  C.  Studier  5fver  Idk 
Klinik  och  Patologi  J&mte  Unders5kning 
HjSmbarkens  Normala  Anatomi.    UpsaU, 
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tions,  that  the  ultimate  end-arborizations  correspond  more  par- 
ticularly to  the  fibre  plexus  of  the  fifth  layer,  and  in  part  also 
to  the  third  and  fourth  layers.  Here  he  would  place  Golgi 
cells  of  Type  II,  which,  by  means  of  their  much  -  branched 
axones,  transfer  the  impulses  to  the  cells  of  the  same  and  other 
cortical  layers.  This  view  is  supported  by  the  findings  of  von 
Leonowa  *  in  cases  of  congenital  anophthalmia.  On  account 
of  the  large  number  of  valuable  contributions  which  von  Mona- 
kow  has  made  by  his  investigations  of  the  optic  paths  in  man 
and  animals,  the  scheme  which  he  has  constructed  for  the  ex- 
planation of  the  route  followed  by  the  impulses  is  worthy  of 
special  consideration.     It  is  reproduced  in  Fig.  529. 

The  area  in  the  cerebral  cortex,  in  which  the  axones  from 
the  optic  centres  in  the  mesencephalon  and  diencephalon  ter- 
minate, is  designated,  as  has  been  mentioned  above,  as  the  vis- 
ual sense  area  (Sehsphdre  of  the  Germans).  Its  exact  extent  in 
the  cortex  is  as  yet  the  subject  of  much  dispute.  Whereas 
Flechsig,  for  example,  maintains  that  the  fibres  of  Gratiolet's 
radiation  are  distributed  only  to  the  medial  surface  of  the 
occipital  lobe  and  to  a  small  area  close  to  the  fissura  longitudi- 
nalis  cerebri  on  the  lateral  surface  of  the  hemisphere,  other 
investigators  (including  H.  Sachs  and  C.  von  Monakow)  believe 
that  fibres  of  the  occipito-thalamic  radiations  are  distributed  to 
the  whole  of  the  cortex  of  the  occipital  lobe,  and  possibly  also  to 
the  posterior  part  of  the  parietal  lobe.  It  seems  certain  that  the 
majority  of  the  fibres  from  the  lateral  geniculate  body  end  in  the 
region  of  the  calcarine  fissure.  Pathological  cases  in  human 
beings  thus  far  studied  have  not  been  uniform  enough  in  their 
results  to  permit  of  decisive  statements  regarding  the  matter. 
In  the  majority  of  the  cases  in  which  hemianopsia  has  resulted 
from  cortical  disease,  the  region  about  the  calcarine  fissure  has 
been  involved,  in  some  instances  the  posterior  part  of  the  fis- 
sure to  a  greater  extent,  in  other  instances  the  anterior  part. 
The  view  of  Ferrier,  that  the  gyrus  angularis  represents  the 
visual  centre,  is  opposed  by  both  Flechsig  and  von  Monakow. 
Certain  it  is  that  lesions  in  the  region  of  the  angular  gyrus  are, 
as  a  rule,  accompanied  by  defects  in  the  visual  field,  but  it 


•  von  Leonowa,  0.  BeitrSge  zur  Kcnntniss  der  secundSren  Verilnderunger^ 
der  priinSren  optischen  Centren  und  Bahnen  im  FftUen  von  congenit&ler 
ADophthalmie  und  Bulbusatrophie  bei  neiigeborenen  Kindern.  Arch.  f. 
Psychiat.  u.  Nervenkr.,  Berl..  Bd.  xxviii  (1896).  S.  53-96. 

54 


Corput  genicu- 


Fio.  SS»,— Srhtme  of  the  visual  conduction  j»tha.    (After  C.  i 

(It'll impntboluKie.  Wlpu,  1897,  &.  4M,  Fii;.  ISO.)  a.  ruds  and  r«a« :  a.  nn> . ' 
niiclvi  of  rods;  A  bipolar  «>1Ib  for  the  cones  ;  e.  bipoUr  cells  fbribc  ru*..' 
liKJf  niultipoUr  (oinglion  oelU  giving  rise  to  the  aioms  of  thr  S.  of^xK 
t.  ivntrJI\if|Hl  BKine  ot  ■  neurone,  the  cell  body  of  irhirli  is  atoalrd  ii  Ui 
(iJllruliu  aupeiior.  Its  tt'lodendrion  being  sitiutrd  in  thr  irtiai;  L  (Mi 
fell  of  Type  11,  or  dendaione  in  the  corpus  ttenieulatnin  latcimle  :  i.  ttnr^ 
eonnecting  the  nirpus  gcniculatum  lateiulo  icith  thr  lobos  orcipiiBhL  ■* 
■Siinp  running  in  the  rkdiatio  orcipito-thalamia  i  Uratiuleti  >.  TIk  tii^  >* 
pulM'S  are  indicated  by  the  arrow. 


GROUPING  AND  CHAINING  TOGETHER  OF  NEURONES.      825 

seems  probable  that  in  every  such  instance  the  lesion  has  not 
been  limited  to  the  cortex  in  the  region  of  the  angular  gyrus, 
but  has  extended  into  the  white  matter  beneath  and  has  in- 
volved the  fibres  of  the 
radiatio  occipito  -  thala- 
niica(Gratioleti)  on  their 
way  to  the  occipital  lobe. 
Attempts  have  been 
made  by  Munk  and 
others  to  connect  certain 
areas  of  the  occipital 
cortex  functionally  with 
definite  regions  of  the 
retina.  Thns  Munk 
would  make  the  lateral 
part  of  the  retina  corre- 
spond to  the  lateral  part 
of  the  visual  sense  area 
in  the  occipital  cortex, 
the  njedial  border  of  the 
retina  to  the  medial  ]>or- 
tion  of  the  cortical  area, 
and  similarly  for  the  up- 
per and  inferior  portions 
of  the  retina.  He  be- 
lieves that  the  region  of 
the  macula  lutea  is  rep- 
resented only  in  the  op- 
posite visual  sense  area. 
But  this  view  is  not 
wholly  in  accord  with  the 
findings  in  cases  of  hemi- 
anopsia. It  is  rare  in  in- 
stances of  homonymous 
hemianopsia  to  find  de- 
fect of  the  visual   field 

corresponding  to  the  fix-      flo-  530.-«i:h«nie  of  a  hypothetiral  decline 
. .  -LI  II  t'"'i  "^  ''•''  »»i"i"'  pBBBiiiK  from  the  corpiu 

ation    point   (macula    lu-  K.-m<:ul«tum1ato™let«thol..bu»occipit«li». 

(After  A.  van  Uehurhtpn,  Anatoinie  <lii  Sy»- 


tea).  Various  theories 
have  been  offered  as  at- 
tempts to  explain  this  pe- 


iser,  p.  (Ml.  Fig.  447. 1  I.O..  Itihufi'irrinilaliR  ; 
e.g.t,.  C'lrpiifl  fientoularum  latetsle :  co., 
thalamuB;  f.q..  I'ullicnlua superior. 
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culiarity  of  the  majority  of  cases  of  hemianopsia.  Thus  tib 
Gehuchten  suggests  a  partial  decussation  of  the  optic  fibres, 
extending  between  the  centres  in  the  diencephalon  and  tk 
occipital  cortex  (Fig.  530),  but  this  view  as  yet  lacks  anatcaD- 
ical  support.  The  explanation  of  von  Monakow  is  ingeniooi 
if  not  entirely  satisfactory.  This  author  *  assumes  that  tb* 
macula  lutea  fibres  are  very  widely  distributed  in  thelatenl 
geniculate  body,  the  fibres  from  the  macula  of  each  side  being 
distributed  in  each  lateral  geniculate  body  so  as  to  come  into 
conduction  relation  with  cells  in  all  parts  of  this  nucleus  (Rg. 
531).  With  such  an  anatomical  relation  in  the  lateral  genic- 
ulate body  there  could  always  be  a  path  from  the  macnk  to 
the  cortex  unless  all  the  cortical  connections  with  the  lateral 
geniculate  body  were  destroyed.  Von  Monakow,  therefore,  be- 
lieves that  the  macula  lutea  is  represented  in  the  occi|uta] 
lobe,  neither  solely  in  the  middle  nor  in  the  peripheral  parts 
of  the  visual  sense  area,  but  that  probably  no  part  of  the  cor 
tex  of  the  occipital  lobe,  and  perhaps  also  of  the  posterior  prt 
of  the  angular  gyrus,  is  unconnected  with  macular  represent*- 
tion.  The  cortical,  field  for  the  macula  lutea  would  thus  ex- 
ceed by  far  that  ordinarily  assumed  for  the  visual  sense »» 
The  view  of  Wilbrand  f  is  somewhat  similar  to,  although  bj  d« 
means  identical  with,  that  of  von  Monakow. 

Henschen's  J  idea  that  the  field  for  the  macula  correspoodj 
to  the  region  of  the  anterior  part  only  of  the  calcarine  fisnre 
is  negatived  by  cases  in  the  bibliography,  while  the  view  d 
Forster  and  Sachs,*  which  assumes  that  the  region  corrcspwrf- 
ing  to  the  posterior  part  of  the  calcarine  fissure  is  that  in  whiA 
the  macular  representation  exists,  is  negatived  by  the  instaneai 
cited  by  Henschen. 

On  reviewing  the  whole  subject  of  hemianopsia  it  wobU 
seem  possible  to  do  without  such  an  elaborate  scheme  as  tbi 

*  von  Monakow,  C.  Experiinentelle  und  pathologisch-anatomci^ 
Untersuchungen  ueber  die  optischen  Centren  und  Bahnen  nebst  kliois^ 
Beitnlgen  zur  corticalen  Heinianopsie  und  Alexie  (Xeue  Folge).  Arei' 
Psychiat.  u.  Nerrenkr.,  Berl.,  Bd.  xxiii  (1891-'92),  S.  609;  Bd.  xxiT(I9ai 
229. 

t  Wilbrand,  H.     Die   Doppelversogung  der  Macula  lutea.    Festsi^ 
fOr  Professor  FSrster,  Wiesbaden,  1895. 

J  Op.  cit. 

« Sachs,  S.    Das  Gehirn  des  FOrster'schen    Rindenblinden.    Art  » 
d.  psychiat.  Klinik  in  Breslau,  1895,  S.  53-104. 
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suggested  by  von  Monftkow  or  that  suggested  by  Wilbrand. 
While  it  is  not  impossible  that  the  macular  representation  in 
the  lateral  geniculate  body  is  widespread,*  as  von  Monakow 


Km  531, — Sclienie  uf  the  wntral  optic  piitliB.  illuHtrntiiiK  von  Moiinkow's  view  of 
the  rcprutvntation  ordiflt'rent  pfirticinsiir  tho  retina  in  tbovorpuaji^niuuUtuin 
lateraie  and  his  expUnatiou  iif  tiiu  Tuct  thut  ranuular  vision  1h  undUturhrd  iti 
4wrticail  hemianopgla.  (AfterC,  von  Monaktiw,  Gcliimpathnlogie.  Wien,  181)7, 
S.  d.'iS.  Fig.  131.)  a  be.  jianglion  i»lls  of  rctitia  on  rixht  sidp  twnding  axoni-H 
to  N.  i^t. :  «i.  b,.  e,.  ganglion  cells  in  the  hnmonymoiui  part  of  the  left  rutinu  ; 
F.  ».  N-r.,  macular  nuuTones  uf  thr  rightaide  ;  F.  m.e.,  macular  neuronen  of  tliu 
left  side  ;  (i.  •>.  It.  (t.  nenntnex  the  aicmes  uf  which  ran  through  the  rudlntio 
vrcipito-thalamica  Gratioleti  to  the  lobus  cicci^taliii;  *.P.V'  neuroueH  with 
■ntitrrupted  aionesat^c.  While  moat  of  the  retina  hati  limited  representation 
in  the  corpus  fteiiienlatam  laterals,  von  Monakow  bvlievui  that  tlie  macula 
nbrcD  are  diatrihiited  over  the  whole  nuclens.  With  every  troBsed  optic  fibre 
there  tcrminatea  also  an  uncrosBed  optic  flbre.  according  to  hia  view. 

.  suggests,  yet  it  seems  to  me  unnecessary  to  assnme  that  the 
fibres  from  the  lateral  geniculate  body  have  bo  wide  a  cortical 
distribution  as  he  would  give  them.  Indeed,  there  is  very 
much  anatomical  evidence  againet  Buch  a  wide  distribution. 
It  seems  to  me  much  more  likely  that  the  macular  field  corre- 

•  Henschen.  in  a  recent  article  (Ueber  Locslisation  innerhalb  des  sens- 
seren  Knleganglions.  Nearol.  CentralbL.  Leipz..  Bd.  ivii  (189B),  S.  IM). 
speaks  lor  a  restricted  localization  in  the  lateral  geniculate  hoij,  and  cites 
xk  case  in  which  the  findings  demonstrate  that  the  dorsal  portion  of  the 
JIat«ral  geniculate  body  corresponds  to  the  dorsal  quadrant  of  the  retina. 


^nr\    t^t-.t    lit*:  litiduiiT*   y.t  2fit2i±«*aiflL  tiic    iii««    noti    xMnst  a 

-'^uttri^^u.  Uitu*  "tin*  1«?  viu'±  »Httr2a»diin  ji* 

;t   "iii:  y^-yiivr}  t»f  TUit  -JTifiiaL  seme   msksl  jx  :tiif  ammw? 

A*;'yf^  yA^uf^/f;^^  whyh  m»T.  ]£i  ji  aeiide.  be  lo*{>k^  m^tvL  ae  nit 


^1.   ««»Y0  mvJ  *'u'lt^  atfist/^CDJcikllT  bf  Saebs  (AriKixca  mas  d.  fsft^^i 
Klttttk  m  hr-*lMu  i}*U%  IL  t)  xht  fMtkot  bad  had.  in  Icf^  aa  asx^k  wzi 
m*VUu  Um  </f  il««  riji^it  bull  <>f  Uxii  Tisual  lieUs  vitli   tW  exeff<kK  ^ 
ff'/fii  tHm*U%f^  Ut  two  dcffp'^eft  near  ti>e  fixation  point.     FIty  T^ean  ittff 
fM'»i^iMi//fi«k  \nyf*Win%  i\yt  kit  halr»  of  the  Tisoal  field  set  in.    Witiiite 
ti^fuhl*'  hrmian'/|«im,  >jowcT«r«  oentral  risoo  vas  rptaincd.     Hearia;  aii 
¥triUn$;  w«'f««  ri^A  at  all  disturbed,  althoni^  it  i«  tnie  that  the  diarpoes  {tf 
v}»if^f  b««l  dlmirii«b«d  by  one  halt  the  power  of  distin^raishin^  colors  w 
1/Mt«  MfMl  th«fr^  wa«  inability  to  recognize  the  reciprocal  position  of  thin^ii 
n\mt'*^,     III  lH(lif  the  individual  died«  and  at  aotopsr  a  donbled-sided  kska 
UtfnlfUiu  thft  m<Mlial  Niirtace  of  both  occipital  lobes,  was  found.    The  hna 
yrM(UvUM  int/>  Mrial  nectionii,  and  it  was  disooTered  that  practicalljtk 
wImiIm  of  tltM  riif*<iial  nurface  of  both  occipital  lobes  and  the  adjacent  white 
rttattitr  witrif  df*iiir(iye<i,  with  the  exception  of  a  small  portion  of  the  pednsdr 
of  \Un  vutumn  lying  anteriorly  and  the  most  posterior  part  of  the  regkmd 
the  cmh-arlnn  flMure  which  ha<l  escaped  uninjured.    This  case,  more  thia  sny 
(liltAr  In  thu  bibliography,  suggests  that  macular  representation  extendi  b(^ 
yntiil  Ihrt  tntidinl  NurfAco  of  the  occipital  lobe.    But  it  is  not  impossible  thai 
tlii«  MHiall  nrvm  at  th<*  posterior  extremity  of  the  calcarine  fissure  sufficed  for 
lh<i  r'^ntriil  virion.    At  any  rate,  until  a  case  has  been  studied  in  ifhiA 
thori'  has  U^on  oompb^to  loss  of  the  visual  sense  area  in  tiie  re^on  <rf  bnck 
onli«ariii0  flMun«s,  with  rclention  of  central  vision,  we  may  hold  on  to  the 
vl^w  (hut  th«*  mmMilar  n«pn»spntation  corresponds  to  the  region  of  tbeal- 
osritio  flunurf^  in  itn  whole  length. 
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Hnmmmtfiit  tUualfitUaflirbtimtlf, 


Fio.  532.— 8chpine  of  the  course  nf  th«  optic  paths  nsprewnteil  in  a  horizontal 
plane,  tvith  illustratiou  nf  the  oecurrencf  ot  cortical  and  subcortical  hemian- 
npnu.  lAfUr  C.  Ton  M.inakon-,  Oehimpalhulcisie,  Wicn.  18BT.  S.  448,  Fig. 
121.)  Od  the  left  side  the  optic  pftthn  are  red;  on  the  rifiht  nlile  hlack. 
X,  hypothetical  lesion  In  tractug  opticus  :  j>.  hypiithctical  ledon  in  white  imt- 
t«r  of  occipital  lohc.  With  lenion  at  h  there  would  be  interruption  not  only 
of  the  Abrcs  tit  the  optic  tsdiation.  bqt  also  of  the  nxnnes  of  the  fbaciculus 
lunKitudlnalis  inferiur.  an  that  aloug  with  riKht<!iidpd  hemiaunpHia  there 
would  be  also  alexia.  11.  ihkIiiIc  in  the  wliile  matter  iii'ar  the  fissura  cal- 
carina  which  coald  cause  heiDiiiiiii]K<  i  without  alexia. 
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In  the  diagram  (Fig.  532),  also  taken  from  von  Monikof, 
the  principal  lesions  which  occur  in  human  beings  in  the  do- 
main of  the  optic  paths  are  well  illustrated. 

With  regard  to  the  centripetal  fibres  carrying  the  impoki 
to  the  nucleus  nervi  oculo-motorii  and  leading  to  reflex  contiie- 
tion  of  the  pupil  the  following  positive  statements  can  be  made: 

In  the  first  place,  they  arise  from  all  portions  of  the  retiiB, 
inasmuch  as  a  ray  of  light  thrown  upon  any  given  minnte  wa 
on  the  surface  of  the  retina  will  lead  to  reflex  contraction,  pro- 
vided the  nerve  tracts  are  in  a  normal  condition.* 

In  the  second  place,  these  fibres  mn  through  the  opbr 
nerve,  the  chiasm,  and  the  tract,  and  undergo  partial  deenasi- 
tion  in  the  chiasm.  This  is  proved  by  the  so^alled  "hernial- 
opic  pupillary  inaction  "  of  Wernicke.  Wernicke  showed  tint 
in  hemianopsia  due  to  a  lesion  of  the  optic  tract  illumiiuitka 
of  the  homonymous  halves  of  the  retina  affecjbed  wiU  not  cvk 
contraction  of  the  pupil,  while,  on  the  other  hand,  iUnmiiutioa 
of  the  opposite  halves  of  the  retina  leads  to  pupillary  contrK^ 
tion,  and  the  pupil  contracts  normally  on  convergence. 

It  is  further  known  that  the  pupillary  path  passes  iknaa^ 
the  brachium  quadrigeminum  superius  to  reach  the  coUicnlffi 
superior  of  the  corpora  quadrigemina  and  thence  goes  to  tk 
nucleus  nervi  oculomotorii  in  the  floor  of  the  aqaednctn^ 
cerebri. 

More  than  this,  perhaps,  can  not  be  said  with  certaintr,  i»i 
the  most  divergent  views  are  held  regarding  certain  detail  <^ 
the  path.  Thus,  for  exatnple,  the  total  number  of  ueoitwe 
concerned  in  the  passage  from  the  retina  to  the  nuclena  neni 
oculomotorii  is  disputed.  Whereas  a  certain  number  of  inrer 
tigators  hold  that  the  retinal  axones  pass  directly  to  the  regi* 
of  the  oculomotor  nucleus,  others  maintain  the  existence  o^ 
intermediary  pupillary  centres.  Bogrofif  and  Flechsigf  htff 
described  a  root  of  the  optic  tract  which  passes  directly  is^^ 
the  stratum  griseum  centrale  of  the  third  ventricla    Theer- 


♦  In  this  connection  the  following  articles  should  be  coDsaUed :  d'  fr" 
retti.  Ein  Fall  von  Atrophia  Nervi  optici  descendens  nach  Schadel  VenK- 
zung.  Deutsche  med.  Wchnschr.,  Leipz.  u.  BerL,  Bd.  xix  (1883).  &  3W. 
(2)  Sachs,  Z.  EinschnQrung  der  Sehnerven  diirch  gesamrate  Geltot^ 
Himbasis.    Arch.  f.  Aiigenh.,  Wiesb.,  Bd.  xxvi  (1892-'93).  S.  337-274 

+  Bogroff  and  Flechsig.    Neurol.  CentralbL,  Leipz^  Bd.  r  (188^  &5B 
Cited  by  von  Bechterew. 
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-  dence  at  present  is  in  favor  of  an  intermediary  nucleus  in  the 
pupillary  path,  but  just  where  that  nucleus  is  situated  is  still  a 
matter  of  doubt. 

-  Darkschewitsch  *  believes  that  the  pupillary  fibres  leave  the 
tractus  opticus  in  the  region  of  the  corpus  geniculatum  laterale^ 

-  and  pass  through  the  thalamus  to  the  corpus  pineale  and  the 
ganglion  habenulae.  Hence  the  reflexes  are  mediated  by  means 
of  fibres  which  pass  through  the  posterior  commissure  to  his 
obere  Oculomotoriuskern.  His  conclusions  were  arrived  at 
after  study  of  degenerations  following  physiological  experi- 
ments, and  they  have  received  support  from  Bellonci  f  on  the 
ground  of  his  studies  in  comparative  anatomy. 

The  views  of  Darkschewitsch  jhave  received  a  partial  con- 
firmation from  the  studies  of  Mendel,  who  supports  the  doctrine 
that  the  ganglion  habenulae  is  a  pupillary  nucleus.  Mendel 
extirpated  the  iris  in  new-born  animals,  and.  asserts  that  he 
found  atrophy  of  the  ganglion  habenulae  of  the  same  side,  and 
of  certain  fibres  of  the  posterior  commissure.  According  to 
his  view,  therefore,  the  reflex  path  for  the  iris  would  be  through 
the  optic  nerve,  chiasm,  and  optic  tract  to  the  ganglion  haben- 
ulae of  the  same  side,  thence  by  way  of  the  commissura  posterior 
to  von  Gudden's  nucleus,  and  to  the  nucleus  nervi  oculomotorii. 

A  somewhat  different  idea  is  advocated  by  von  Bechterew. 
He  follows  the  pupillary  fibres  through  the  optic  nerve  of  the 
chiasma  opticum,  but  states  that  they  do  not  enter  the  tractua 
opticus  nor  the  geniculate  bodies,  but  close  behind  the  chiasm 
and  without  decussation  enter  the  stratum  griseum  centrale  of 
the  third  ventricle,  whence  they  pass  uncrossed  to  the  nucleus 
nervi  oculomotorii.J  He  bases  his  view  upon  the  following 
findings:  (t)  Section  of  the  optic  tract  in  the  dog  caused 
hemianopsia  but  no  alteration  in  the  pupil ;  (2)  destruction  of 
the  superior  coUiculus,  or  of  the  corpora  geniculata,  did  not 
abolish  the  reaction  of  the  pupil  to  light. 

*  Darkschewitsch,  L.  Ueber  die  sogenannten  primftren  Opticuscentren 
und  ihre  Beziehang  zur  Grosshimrinde.  Arch.  f.  Anat.  u.  Physiol.,  Anat. 
Abth.,  Leipz.  (1886),  S.  249-270. 

t  Bellonci,  G.    Ztschr.  f.  wissensch.  Zool.,  Bd.  Ixxiv,  H.  1,  S.  25. 

X  von  Bechterew,  W.  Ueber  den  Verlauf  der  die  Pupille  verengenden 
Nervenfasem  im  Gehim  und  ueber  die  liocalisation  eines  Centrums  fQr  die 
Iris  und  Contraction  des  Augenmuskeln.  Arch.  f.  d.  ges.  Physiol.,  Bonn, 
Bd,  xxxi  (1883),  S.  60-«7. 
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Henschen  *  emphasizes  the  fact  that  Wernicke's  obseiration 
of  hemianopic  pupillary  inaction  in  lesions  of  the  optic  tract  ii 
decisive  in  favor  of  the  view  that  the  pupillary  fibres  ran  in 
the  tractus  opticus.  They  go  at  least  as  far  as  the  border  a! 
the  pedunculus  cerebri.  The  case  reported  by  Leydenf  is 
especially  valuable  in  this  connection,  as  is  also  a  case  reported 
by  Dercum,  of  Philadelphia.  Henschen  states  that  a  series  of 
cases  supports  the  view  that  the  pupillary  fibres  do  not  ente 
the  lateral  geniculate  body,  and  holds  that  Knies  is  probablT 
wrong  in  thinking  that  lesion  of  the  lateral  geniculate  body 
can  give  rise  to  Wernicke's  hemianopic  papillary  sign. 

Although  the  evidence  is  not  yet  conclusive,  it  seems  to 
me  most  probable  that  the  pupillary  fibres  run  through  iht 
brachium  quadrigeminum  superius  into  the  superior  collicoloi 
there  to  come  into  contact  with  the  cell  bodies  and  dendrite 
of  neurones  in  the  nucleus  coUiculi  superioris,  and  thence  the 
impulses  pass  by  way  of  the  axones  of  the  latter  to  the  nuclesf 
nervi  oculomotorii  of  the  same  and  of  the  opposite  side,  i: 
any  rate,  the  histological  investigations  of  Held  make  snob  i 
view  plausible. 

The  statement  is  frequently  made  that  the  coarse  fibres  oi 
the  optic  nerve  are  those  which  are  concerned  in  pupillarr 
reflexes.     But  even  this  is  not  definitely  proved.  J 

The  conduction  paths  in  connection  with  the  eyes  ehool^ 
not  be  dismissed  without  reference  to  the  centrif agal  fibres  rf 
the  optic  nerve  discovered  by  Bamon  y  Cajal.  The  existei^ 
of  these  fibres  has  been  confirmed  by  van  Gehuchten,  von  Koili- 
ker,  Held,  and  others.  The  cells  of  origin  of  these  centrifop^ 
axones  are  situated  in  the  centres  in  the  mesencephalon  id 
diencephalon.  They  have  not  only  been  demonstrated  ^J 
Golgi's  method,  but  their  existence  and  disposition  Im  ^ 
proved  also  by  the  methods  of  secondary  degeneration.  ^' 


I 


♦  Henschen,  S.  K    Ueber  hemianopische  PapillenreaktioD.   ITIiatff* 
und  anatomische  Beitrfige  zur  Pathologie  des  Gehirns.     Dritter  Ttetl  ■  I^ 
Halfte,  Upsala  (1894),  S.  109.  I  %i 

t  Leyden,  E.  Beitrftg©  zur  topischen  Diagnostik  der  GehirabinUwK  ■  ^^^ 
Internat.  Beitr.  z.  wissensch.  Med.,  Festschr.  R.  Virchow  .  .  .,  BerUBi-  ■  • 
(1891),  S.  283-306.  I  ^,/^ 

X  The  visual  and  pupillary  paths  have  recently  been  reviewed  by  K.B*  I  f^^'Q 
Die  Seh.-  und  Fupillen-Bahnen.  Breslau  (1898)!  The  article  higw<*^  I  *ffi  & 
far  been  accessible  to  me.  I  ^^  be 
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ording  to  the  findings  of  von  Monakow,  following  section  of 
he  optic  tract  there  is  degeneration  of  cells  not  only  in  the 
aperior  coUiculus  of  the  corpora  quadrigemina,  but  also  in  the 
iteral  geniculate  body  (dorsal  caudal  part,  which  he  designates 
s  a)  and  the  pulvinar.  The  termination  of  these  fibres  in  the 
etina  appears  to  be  in  the  internal  molecular  layer,  for  the 


6X4. 


TrMf«r«l  p«^*" 


:o.  533. — Scheme  of  visaal  condaction  path. 

Fig.  1. 


Lettering  same  as  for  Plate  II, 


3Tminals  probably  come  into  contact  with  the  amacrine  cells, 
'Iiich  ilam6n  y  Cajal  has  described  in  this  layer.  Possibly 
3.ey  act  also  upon  the  bipolar  cells  (peripheral  optic  sensory 
^urones)  themselves.  Just  what  the  nature  of  these  centrifu- 
*1  impulses  can  be  is  hard  to  imagine.  Several  theories  have 
'^rt  suggested,  but  none  of  them  is  satisfactory,  and  they  need 
^t  l)e  discussed  here.    It  may  be  that  the  retina  is  brought 
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under  the  influence  of  the  cerebral  cortex  through  these  oa- 
trif ugal  neurones,  since  the  large  pyramidal  cells  in  the  HtM 
cortical  layer,  the  so-called  solitary  cells  of  the  visoal  ge&se 
area,  send  their  axones  down  through  the  optic  radiation  and 
through  the  posterior  limb  of  the  internal  capsule  to  the  optk 
centres  in  the  diencephalon  and  mesencephalon.  These  celli 
degenerate  after  lesion  of  the  internal  capsule  or  of  the  occipho 


6e# 


Fig.  534. —Scheme  of  visual  conduction  paths ;  the  lettering  is  the  waeiK^ 

Plat*"  I. 


thalamic  radiation.     It  seems  probable  that  the  majoritrt^ 
these  axones  run  to  come  into  conduction  relation  witb  tiir 
mesencephalic  organ  controlling  the  eye  muscle  nuclei,  bat  s 
is  not  impossible  that  some  of  them  terminate  aboatthe^-^ 
bodies  and  dendrites  of  the  neurones,  the  axones  of  which  fcrs 
the  centrifugal  fibres  of  the  optic  tract  and  optic  nerre. 

In  connection  with  the  visual  conduction  paths  it  ^^ 
have  been  interesting  to  discuss  the  various  theories  of  ^-** 
which  have  been  put  forward,  especially  those  proponndf^'^ 
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Helmholtz,*  Hering,  f  G oiler,  J  Dondera,*  von  Kries,  ||  and  Mrs. 
Franklin,^  but  they  can  only  be  mentioned  here,  accompanied 
by  the  bibliographic  references. 

In  Figs.  533  and  534  the  more  important  and  best  known 
centripetal  neurones  of  the  visual  conduction  path  are  schemat- 
ically represented. 

*  Helmholtz,  H.  Ueber  die  Theorie  der  zusammengesetzten  Farben. 
Bvo,  Berlin,  1852. — Handbuch  der  pbysiologischen  Optik.,  II.  Aufl.,  Leipz. 
;i888). 

f  Hering,  E.    Lehre  vom  Lichtsinn.    II.  Aufl.,  Wien  (1878). 

X  65IIer,  A.  Die  Analyse  der  Lichtwellen  durch  das  Auge.  Ein  Beitrag 
sur  Erkl&rung  der  Farbenempfindung.  Arch.  f.  Anat.  a.  Physiol.,  Physiol. 
Abth.  (1888),  S.  139-162. 

*  Donders,  F.  C.  Noch  einmal  die  Farbensysteme.  Arch.  f.  Ophthalm., 
Bd.  XXX,  Abth.  1  (1884). 

I  von  Kries,  J.  Entgegnung  an  Herm  E.  Hering.  Arch.  f.  d.  ges. 
Physiol.,  Bonn,  Bd.  xli  (1887),  S.  389-397.— Ueber  die  Farbenblindheit  der 
Ketzhautperipherie.  Ztschr.  f.  Psychol,  u.  Physiol,  d.  Sinnesorg.,  Hamb.  u. 
Leipz.,  Bd.  xv  (1897),  S.  247-289. 

^  Franklin,  Christine  Ladd.  Eine  neue  Theorie  der  Lichtempfindungen. 
Ztschr.  f.  Psychol,  u.  Physiol,  d.  Sinnesorg.,  Hamb.  u.  Leipz.,  Bd.  iv  (1892). 
— On  Theories  of  Light  Sensation.  Mind,  Lond.  and  Edinb.,  n.  s.,  vol.  ii 
(1893),  pp.  473-489.— A  New  Theory  of  Light  Sensation.  Johns  Hop- 
kins Univ.  Circ,  Bait.,  toI.  xii  (1893),  pp.  108-110.— Professor  Ebbinghaus' 
Theory  of  Color  Vision.  Mind,  Lond.  and  Edinb.,  n.  s.,  vol.  iii  (1894),  p. 
103.— Professor  MQller's  Theory  of  the  Light  Sense.  Psychol.  Rev.,  N.  Y. 
and  Lond.,  vol.  vi  (1899),  pp.  70-85. — Mrs.  Franklin's  observations  upon 
"normal  faint-light  foveal  blindness*'  are  recorded  in  Psychol.  Rev.,  N.  Y. 
and  Ix>nd.,  vol.  ii  (1895),  pp.  137-148. 
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ATDTTOKT    3rErR03n»  OF  TffE  ?EC09I>   A3T>   OF  HUxHH 


?*tri«  m^nlUrgii    Corpoa 
tj^rnnisicrm  lateralis — Xn^feos  Icnmiaei 
CffTfftm  gienicnlatam  ntfftialr 
5ar'i^n5i  iMTTi  crjchleat  Tentraiis — !(iieiaia 
oliTam  fQp«rior — Xiu^IeiB  corporis 
NncleiM  Mmiltnans — Cot] 
riei  lemniset  Utf«rml» — Bekitioi» of  the 
f;r»nicnli  iaf«riohJU  the  corpus  gauraltttnra 
Aeowitic  reHex  paths — Anditorj 
HelMnMS  of  auditofj  path. 


4.  Cffltni  JTi 


The  peripheral  anditorj  neurones  connecting  the  ocgu  d 
Corti  with  the  rhombencephalon  hare  been  described  in  as 
earlier  chapter.  We  hare  leen  that  the  cell  bodies  of  the  p^ 
ripheral  auditory  neurones  are  situated  in  the  ganglion  ^xnle. 
that  their  dendrites  are  distributed  to  the  organon  spinl^ 
(Cortii),  and  that  their  axones  pass  through  the  radix  cochkins 
of  the  nerrus  acusticus  to  terminate  chiefly  in  the  nncke 
nerri  cochlearia  ventralis  and  the  nucleus  nerri  cochlearis  dor- 
Maliii  (tuberculum  acusticum),  a  portion  of  the  fibres,  hovrnr 
(according  to  Held),  going  farther,  to  terminate  first  in  t^ 
nuelens  oliyaris  Buperior  of  the  same  or  of  the  opposite  8ide,<r 
in  masiteii  of  gray  matter  situated  even  higher  up  in  thecentnl 
nervous  system. 

With  regard  to  the  central  auditory  paths,  the  results  (tf 
different  investigators  in  earlier  years  were  markedly  discori' 
ant.  Thus,  while  Forel,  Onufrowicz,  and  von  Monakow  denied 
that  the  fibres  of  the  trapezoid  body  had  anything  to  do  with 
the  central  auditory  path,  Flechsig,  von  Bechterew,  Ba^nskj* 
Uumm,  and  others  maintained  the  opposite  view.  Neurologic 
880 
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are  to  be  congratulated  that  through  the  researches  of  the  past 
few  years,  by  means  of  a  variety  of  methods,  we  have  finally  ar- 
rived to  much  more  definite  and  satisfactory  ideas  regarding 
this  portion  of  the  nervous  system.  The  views  to  be  outlined 
here,  which  may  be  considered  to  represent  the  present  status 
of  our  knowledge  regarding  the  auditory  conduction  inside  the 
central  nervous  system,  are  based  upon  researches  of  Flechsig,* 
von  Monakow,  f  Held,  J  von  Kolliker,*  Ramon  y  Cajal,  |  and 
Florence  Sabin.-^  * 

In  general,  it  may  be  said  that  from  the  nuclei  terminales 
of  the  cochlear  nerve,  axones  of  neurones  of  the  second  order 
pass  by  way  of  both  the  striae  medullares  and  the  corpus  trape- 
zoideum  to  the  region  of  the  superior  olivary  complex  of  both 
sides,  principally  of  the  opposite  side.  Many  of  the  fibres  ter- 
minate in  the  nucleus  olivaris  superior  and  in  the  gray  nuclei 
of  the  corpus  trapezoideum.  Others  of  them  go  on  (accompa- 
nied by  axones  arising  in  the  nuclei  in  which  their  fellows  stop) 
to  pass  through  the  lemniscus  lateralis  to  the  coUicnlus  inferior 
of  the  corpora  quadrigemina  (Fig.  535).     On  their  way  a  num- 

♦  Flechsig,  P.  Zur  Lehre  vom  centralen  Verlauf  der  Sinnesnenren. 
Neurol.  Centralbl.,  Leipz.,  Bd.  ▼  (1886),  S.  97-100 ;  also  Weitere  Mittheilun- 
^n  ueber  die  Beziehungen  des  unteren  VierhUgels  zum  HSrnerven.  Neurol. 
Centralbl.,  Leipz.,  Bd.  ix  (1890),  S.  98-100: — Die  Localisation  der  geistigen 
Vorgftnge,  insbesondere  der  Sinnesempfindungen  des  Menschen.  Leipzig, 
1896. 

f  von  Monakow,  C.  Ueber  einige  durch  Ezstirpation  circumscripter 
Himrindenregionen  bedingte  Entwickelungshemmungen  des  Kaninchen- 
gehims.  Arch.  f.  Psychiat.  u.  Nervenkr.,  Berl.,  Bd.  xii  (1882),  S.  141 ;  536. 
— Neue  ezperimentelle  BeitriLge  zur  Anatomie  der  Schleife.  Neurol. 
Centralbl.,  Leipz.,  Bd.  iv  (1885),  S.  265-268.— Cor.  Bl.  f.  Schweiz.  Aerzt., 
1887,  No.  5. — Striae  Acusticae  und  untere  Schleife.  Arch.  f.  Psychiat.  u. 
Nervenkr.,  Berl.,  Bd.  xzii  (1890),  S.  1-26. 

t  Held,  H.  Die  centralen  Bahnen  des  Nervus  aciisticus  bei  der  Katze. 
Arch.  f.  Anat.  u.  Physiol.,  Anat.  Abth..  Leipz.  (1891),  S.  271-291. — Die  centrale 
Gehdrleitung.  Arch.  f.  Anat.  u.  Physiol..  Anat.  Abth.,  Leipz.  (1893),  S. 
201-248. 

•  von  Kolliker.    Op.  ct7.,  S.  258  ff. 

I  Ram6n  y  Cajal,  S.  Origines  del  acustico  en  los  aves.  Algunas  con- 
tribuciones  al  conocimiento  de  los  ganglios  del  encefalo.  Madrid,  1894. — 
Nervio  cochlear  y  ganglios  acusticos.  Apuntes  para  el  estudio  del  bulbo 
raquitico,  cerebelo  y  origen  de  los  nervios  encefalicos.    Madrid,  1895. 

^  Sabin,  Florence.  On  the  Anatomical  Relations  of  the  Nuclei  of  Re- 
ception of  the  Cochlear  and  Vestibular  Nerves.  Johns  Hopkins  Hosp. 
Bull.,  Bait,  vol.  viii  (1897),  pp.  253-259. 
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ber  of  them  terminate  in  all  probability  in  the  iiucleus  lemm 
lateralis. 

The  colliculus  inferior  muat  be  looked  upon  as  one  of  ik 
most  important  way-atutioua  in  the  central  auditorj  path.  Ii 
the  nucleus  colliculi  inferioria  terminate,  perhaps,  the  miJMirr 
of  the  fibres  of  the  lemniscus  lateralis  ;  a  certain  number,  hn'- 
evar,  go  farther  forward.     These  fibres  pass  on  main);  throii^ 


Fia.  535. —Oblique  KCCtiun  thniugh  thi    

(1)  the  nepanition.  in  the  enperior  port  of  the  pons,  of  Ihe  ""— j^ 
tudiiuiliB  medijilia  from  the  fibre  Hj^tem  desreDdinn  t'™' *'' ^7!^ 
superior  til  the  ventro-lntoral  funiculi;  and  (2)  the  rFUtinn  of '■''v 
lomniBTUs  to  the  colliculun  inferior,  (Alter  H.  Held.  AWitDdK*^ 
phys.  CI.  d.  k.  sachfl.  QesellMch.  d.  Wistouseh..  I*ipi..  Bd.  iviiL  V 
T^f.  ii,  Fig.9.) 

the  brachium  quadrigeminum  inferius  to  reach  the  1^ 
geniculatum  mediale,  where  apparently  a  large  nnmberwl*^ 
terminate  in  the  nucleus  corporis  geniculati  medialis-  " 
latt«r  nucleus  are  situated  the  cell  bodies  of  nenNB** 
axones  of  which  pass  forward  through  the  retrolentifoni  ?' 
tion  of  the  capsula  interna  to  reach,  by  way  of  the  coroM'''*' 
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the  auditory  sense  area  in  the  cerebral  cortex  (junction  of 
third  and  fourth  fifths  of  gyrus  temporalis  superior,  together 
with  the  gyri  temporales  transversi).  It  is  possible  that  some 
fibres  from  the  lateral  lemniscus  go  past  the  geniculate  body 
without  stopping  to  terminate  first  in  the  auditory  sense  area 
in  the  cerebral  cortex  (so  called  direct  acoustic  cortical  path 
of  Held). 

The  smallest  number  of  neurones  superimposed  to  form  the 
auditory  conduction  path  from  the  internal  ear  to  the  cerebral 
cortex  is  therefore,  in  all  probability,  three — one  extending 
from  the  organ  of  Corti  to  the  nuclei  terminales  of  the  cochlear 
nerve  (peripheral  auditory  neurone  or  auditory  neurone  of  the 
first  order) ;  a  second  passing  from  the  nuclei  terminales  of  the 
auditory  nerve  to  the  corpus  geniculatum  mediale  (rhomben- 
cephalo-diencephalic  auditory  neurone  or  auditory  neurone  of 
the  second  order) ;  a  third  extending  from  the  medial  geniculate 
body  to  the  temporal  lobe  of  the  cerebral  cortex  (diencephalo- 
telencephalic  auditory  neurone  or  auditory  neurone  of  the  third 
order).  While  such  a  superimposition  of  neurones  is  to  be 
regarded  as  the  simplest  and  most  direct  arrangement  possible 
in  the  auditory  conduction  path,  it  seems  likely  that  there  are 
other  more  complicated  and  perhaps  far  less  direct  combina- 
tions of  neurones  which  make  up  the  apparatus  of  the  conduc- 
tion of  auditory  impulses. 

Thus  it  may  even  be  that  the  simplest  auditory  conduction 
path  consists  of  at  least  four  superimposed  neurones,  one  extend- 
ing from  the  organ  of  Corti  to  the  nuclei  terminales  of  the  coch- 
lear nerve  (peripheral  auditory  neurone  or  auditory  neurone  of 
the  first  order) ;  a  second  passing  from  the  nuclei  terminales  of 
the  auditory  nerve  to  the  colliculus  inferior  of  the  corpora  qua- 
drigemina  (rhombencephalo-mesencephalic  auditory  neurone  or 
auditory  neurone  of  the  second  order) ;  a  third  extending  from 
the  colliculus  inferior  to  the  corpus  geniculatum  mediale 
(mesencephalo-diencephalic  auditory  neurone,  or  auditory  neu- 
rone of  the  third  order) ;  a  fourth  extending  from  the  medial 
geniculate  body  to  the  auditory  sense  area  in  the  cortex  (dien- 
cephalo-telencephalic  auditory  neurone,  or  auditory  neurone  of 
the  fourth  order).  Further,  a  whole  series  of  nuclei  interca- 
lated in  this  conduction  path  have  to  be  considered :  the  nuclei 
terminales  of  the  cochlear  nerve,  the  nucleus  olivaris  superior, 
the  nucleus  corporis  trapezoidei,  the  nucleus   prjeolivaris,  the 
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nudena  semilunaris,  the  nucleus  lemnisci  lateralis,  the  nnckj 
eolliculi  inferioris,  and  in  addition  the  nucleus  corporis  gea^- 
ulati  raedialia,  and  possiblj  other  masses  of  gray  matter  n 
the  hypothalamus  not  yet  clearly  defined. 

It  is  not  impossible  that,  besides  neurones  extending  W 
tween  these  different  gray  masses  and  connecting  them  Tid 
one  another,  Golgi  cells  of  Type  II,  or  dendraxones  situated  it 
Hide  the  individual  gray  masses,  may  play  a  part  in  the  cona- 
tion of  auditory  impulses. 

Xo  attempt  will  be  made  to  give  here  an  exhaustive  d^ 
scription  of  all  the  neurones  which  are  probably  concenirt 
directly  or  indirectly  in  the  auditory  conduction  path.  In  tk 
first  place,  our  knowledge  of  these  neurones  is  by  far  too  fnf- 
mentary  to  permit  of  an  exhaustive  description,  and  in  thf 
second  place,  for  practical  purposes,  it  would  seem  to  be  nrnek 
more  important  that  the  student  possess  a  clearly  defined  ida 
of  one  or  two  of  the  principal  paths  than  that  he  hare  bis  eofr 
eeption  confused  by  a  mass  of  bewildering  details  which  can  nft 
as  yet  be  adequately  valued. 

Since  their  discovery  by  Piccolomini  the  strim  msduUartK 
those  white  bands  which  run  across  the  floor  of  the  fonrtli 
ventricle  and  which  vary  so  enormously  in  different  individnsls, 
have  attracted  the  attention  of  many  neurologists  (cf.  Fig.  3Tt 
pp.  557).  Sometimes  they  may  be  entirely  absent  on  one  or 
both  sides ;  in  other  instances  they  are  very  markedly  developei 
forming  a  very  striking  anatomical  feature.  The  bands  do  n<^ 
run,  as  a  rule,  exactly  transversely,  nor  are  they  all  paralld  t« 
one  another,  for  one  band  may  even  cross  some  of  the  others. 
One  stripe,  often  seen  running  obliquely  forward  and  to  the 
side,  is  known  as  the  conductor  sonorus  {Klangstcib  of  Be^ 
mann).*  Later  studies  make  it  seem  likely  that  Bergmann's 
stripe  really  has  nothing  to  do  with  the  conduction  of  auditor 
impulses.  Embryological  studies  of  von  Bechterew  show  tbt 
the  striaB  medullares  become  meduUated  at  a  relativelv  bte 
period.  He  thinks  that  they  have  nothing  to  do  with  the 
acoustic  path,  but  represent  cerebellar  connections. 

The  study  of  secondary  degenerations  has  thrown  consider- 
able light  upon  the  peripheral  and  central  relations  of  the  stri* 


*  Bcrgmann,  G.  H.    Neue  Untersuchongea  iieber  die  imierv  OigmnisanM 

lies  Qehirn8,  Hannover  (1831),  8vo. 
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medullares.     Section  of  the  cochlear  nerve  causes  but  little  de- 
generation in  the  striae  [Forel,*  and  Onufrowicz  f].     That  cer- 
tain of  the  fibres  of  the  cochlear  nerve  enter  directly  into  the  striae 
medullares  was  shown  to  be  probable  by  the  studies  of  Baginsky 
and  of  Held,  and  has  recently  been  proved  definitely  by  Marchi's 
method  by  Thomas.  J    The  experiments  of  von  Monakow  proved 
directly  that  the  lateral  lemniscus  is  in  part  a  continuation  of 
the  striae  medullares,*  and  the  later  studies  of  the  same  investi- 
g^ator  II  have  made  the  relations  of  the  striae  still  clearer.     Thus 
section  of  the  lateral  lemniscus  in  a  newborn  cat  leads  to 
atrophy  of  the  striae  acusticae,  and  of  the  nucleus  nervi  coch- 
learis  dorsalis  of  the  opposite  side.      It  is  especially  the  cells  of 
the  middle  layer  of  the  nucleus  nervi  cochlearis  dorsalis  which 
atrophy  on  section  of  the  lemniscus  lateralis.    The  fibres  can 
be  followed  from  the  dorsal  cochlear  nucleus  around  the  corpus 
restiforme  on  to  the  floor  of  the  ventricle,  whence  they  plunge 
down  ventrally  to  pass  between  the  stratum  griseum  centrale 
and  the  nucleus  nervi  vestibuli  lateralis  of  Deiters  to  reach 
the  raphe,  where  they  decussate  with  similar  fibres  of  the  oppo- 
.  site  side,  and  pass  to  the  dorsal  white  matter  of  the  nucleus 
olivaris  superior  on  that  side.     Thence  they  turn  upward  into 
the  lateral  lemniscus.    It  seems  not  unlikely  that  in  the  striae 
^  medullares  are  contained  fibres  which  run  in  both  directions ; 
namely,  (1)  fibres  which  represent  axones  of  cells  situated  in 
the  nucleus  nervi  cochlearis  dorsalis,  and  which  pass  upward 
to  the  lateral  lemniscus  of  the  opposite  side;  and  (2)  fibres 
which  represent  axones  arising  in  the  gray  matter  of  the  collicu- 
Jus  inferior,  and  run  downward  to  end  in  the  dorsal  cochlear 
:ziuclea&    Von  KoUiker,  who  has  carefully  studied  the  striae 
^^zE^allares,  reserves  the  term   striae  acusticae   for   the  fibres 
iiich  represent  central  connections  of  the  cochlear  nerve,  and 


•  Forel,  A.    Vorlftufige  Mittheilung  ueber  den   Ursprung  des   Nervus 
sticus.    Neurol.  Centralbl.,  Leipz.,  Bd.  lii  (1885),  S.  101-103. 
f-   Onufrowicz,  B.    Experimenteller  Beitrag  znr  Kenntniss  des  Ursprungs 
I«^^     >Jervas  acusticus  des  Kaninchens.    Arch.  f.  Psychiat.,  Berl.,  Bd.  xvi 
T  S«S>,  S.  711-742. 

^    Thomas,  A.    Les  terminaisons  centrales  de  la  racine  labyrinthique. 
3t.  rend  Soc.  de  bioL,  Par.,  10.  s.,  t.  v.  (1898),  p.  183. 
^on   Monakow,  C.    Schweiz.  naturf.  Versamml.  in  Genf  (1886),  and 
-  d.  sc.  phys.  et  nat.,  Geneve,  1886. 
I   v-on  Monakow,  C.     Striie  Acusticas  und  untere  Schleife.     Arch.  f. 
iat,  Berl.,  Bd.  xxii  (1890),  S.  1-26. 
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the  term  striae  meduUares  for  the  fibres  not  concerned  in  tb 
auditory  path.  He  pictures  a  large  bundle  running  across  tk 
floor  of  the  ventricle  in  the  middle  line,  then  running  Tentral- 
ward  in  the  raphe  to  become  external  arcuate  fibres  which  p 
toward  the  cerebellum  (Fig.  636).     It  is  by  no  means  certtin, 


Fig.  536. — Transverse  section  of  the  human  medulla  oblongata.  Weipfrt  flf 
ing.  (After  A.  von  Kolliker.  Ilandbuch  der  (jewebelehre,  VI.  Aol *' 
Leipz.,  1896,  S.  384,  Fig.  656.)  Gr,  nucleus  N.  cochlearis  ventnlisj*^ 
cochlea  ;  Ni,  nucleus  funiculi  teretis ;  iJ,  continuation  of  strw  ii««"^ 
dextne  et  sinistree  through  the  raphe  and  decuasataon  of  the  ahk  ti ' 
bottom  of  the  ventral  sulcus ;  the  fibres  then  go  over  into  fibre  «f**J? 
trales  (Farcv)  lateral  from  the  pyramid  and  olives  as  &r  as  the  <ai^^ 
forme  (Pt). 

however,  that  the  latter  fibres  have  anything  to  do  *itk  ^ 
auditory  conduction  paths.  It  seems  tolerably  certain  W* 
strias  meduUares  in  man  are  quite  different  from  those  of  b*! 
animals,  for  in  man  there  seem  to  be  many  more  fibres  ^ 
have  to  do  with  the '  cerebellum  than  in  the  cat  andr»l)W«* 
which  the  striae  meduUares  seem  to  be  almost  exclBS^'' 
auditory  fibres. 

The  striae  acusticae  have  been  carefully  studied  by  i'*?' 
method  by  Held  and  by  Ram6n  y  Cajal,  and  the  i««J^*  *^ 
which  these  observers  have  arrived  will  be  mentioned  *•■  ^ 


*^li*Ie. 
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as  passing  notice  has  been  given  to  some  of  the  other  bundles  of 

.   fibres  and  gray  masses  in  connection  with  the  auditory  con- 

_ .  duction  path. 

The  broad  bundle  of  transverse  fibres  lying  in  the  ventral 
portion  of  the  tegmental  part  of  the  pons  near  its  junction  with 
the  medulla  and  dorsal  to  the  fasciculi  pyramidales  is  known  as 
the  corpus  trapezoideum  (Figs.  537  and  638).  In  the  interspaces 
between  the  transverse  fibres  are  seen  in  transverse  section 
many  nerve  fibres  running  longitudinally;  these  represent  in 

^    the  main  the  continuation  upward  of  the  stratum  interolivare 

}    lemnisci  to  form  the  lemniscus  medialis  of  the  general  sensory 

I    path. 

Just  dorsal  to  the  corpus  trapezoideum,  somewhat  laterally 

I  placed,  is  situated  the  nucleus  olivaris  superior  on  each  side. 
In  the  trapezoid  body  itself  is  to  be  found  the  nucleus  corporis 

'  irapezoidei.  Near  by  are  situated  the  nucleus  prceolivaris  and 
the  nucleus  se^nilunaris.  The  mixture  of  white  and  gray  matter 
in  the  region  of  the  nucleus  olivaris  superior  is  often  referred 
to  as  the  "  superior  olivary  complex,'*'* 

As  to  the  nature  of  the  corpus  trapezoideum  there  has  been 
perhaps  as  much  dispute  as  in  the  case  of  the  strise  meduUares. 
Nevertheless,  there  can  no  longer  be  any  doubt  that  the  fibres 
of  the  corpus  trapezoideum  in  the  main  represent  medullated 
axones  of  auditory  neurones  of  the  second  order,  the  cell  bodies 
of  the  neurones  being  situated  chiefly  in  the  ventral  cochlear 
nuclei  of  the  two  sides.  The  proof  was  first  brought  by  Flech- 
sig  and  von  Bechterew,  who  adduced  the  results  of  embryological 
investigation  (study  of  myelinization),  and  their  position  has 
been  confirmed  by  means  of  Golgi's  method  by  Held,  von  Kolliker, 
and  Ram6n  y  Cajal  (vide  infra\  and  by  means  of  reconstruction 
methods  (F.  Sabin). 

Just  above  the  superior  olivary  complex  begins  the  lemniscus 
lateralis*  This  bundle  passes  upward  toward  the  mesenceph- 
alon, dorsal  and  at  first  somewhat  lateral  from  the  lemniscus 
medialis.  The  majority  of  its  fibres  having  reached  the  col- 
liculus  inferior  of  the  corpora  quadrigemina,  terminate  there, 
although  many  go  on  still  farther  through  the  brachium  quadri- 
geminum  inferius  to  reach  the  region  of  the  corpus  geniculatum 
roediale.     In  sections  of  the  brain  of  the  newborn  babe,  taken 

*  Vniert  Sehleife  of  the  Germans,  ruhan  de  Reil  inferteurot  the  French. 
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md  duTsal  portion  of  nu(.kuaalitaruinfenjr  (Srnef  >ii  sertiuu  Nu. 
132.)  r.(..  mTpUBtrapezoiileum  Dec  Br  foi^  dccuxietiubrachii  coi^unitivi ; 
Jtec.Brrhl.,  commiHsun)  between  Becht(.rcw  s  Duclvi  D  cur  doisal  tspdule 
vif  Ducleua  ruher  Fat  flbne  anuBlK  inttnm  Fa«  rrfro/  foaciculus  retni- 
Xli^KUg  Meynprti  Flm  bsunilDfl  longituditwlin  mcdubfl  Flp  buudl? 
«:nntinuiius  with  the  fusLlmlua  lateralis  proiinuB  of  tbe  t.urd  Ff  p  id)  durml 
vnrttun  of  bundle  (ontinunus  with  &ticiculuH  1  tcralia  unpnus  of  tiie  cord ; 
J.A..  lemniscus  lateniliH  L  »  lemuiM.us  medialis  N  III  radii  N  oralo- 
moUirii;  X.Mol  I  mntur  root  of  N  tnKpminus  A  I  wnaoir  ruot  of  N. 
triKPininus ;  A  1/  radix  N  abdacentis  ti  ill  radix  N  fiiculis  pBra  iir- 
vumla;  If.Tttt  radixX  M»tibuli  \  \/  mdiiN  Rccenoni  ^  MI  radix 
^.  bypoKloHHi  KnFlm  nuileuN  flunculi  tongitudiaalie  medulu.  or  un- 
^ieofl  commiMurse  postenurin  iaberer  OmtonotortHakem  of  DarkHLfaewitBch  1 ; 
JVH.H.//f.in..  pars  impBrof  nucleus  N  oculomotoni     "imnllll    pan  lateral  it 

■wtl  nnclciu  N  oculumotorii  Ah  o  i  aurleUB  ollvarU  supenor  Nhhc  V., 
nucleus  N.  corhlete  ventralis  An  o  t  nurleus  olivana  inferior  \h  o  a  n.. 
nurleUH  oil  vans  acct-Kwrius  medlali^     Tr  fr  h»  D    trarl  from  Duiten  unilelu 

"Ao  the  spiiul  conl      iPnpinit  m  by  Dr  John  Utwitsou  ) 
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hif  crier,  xhe  €srs  if 


Pin.  589.— TranHvenie  nection  through  hiuin  of  newhom  babe.  Level  aicJOxa& 
Inferioreii  of  corpora  quadrigemina.  (Weigert^Pal,  series  ii.  sectian  Xo.  S9t 
Aq.eer.,  aauc>ductu8  cerebri ;  a,  fibrra  running  from  lateral  lemnistiis  CooH 
dofHal  boracr  of  brachium  conjunctivum ;  Br.  Omj.,  bnkchium  ccHUUDctrrvB 
f '  r.t.,  comniimure  between  the  colliculi  inferiores ;  Dec.Bn^^  Tentnl  portka 
of  bmehium  conjunct! vum,  which  in  reality  forms  a  commiflsare  betwen  d» 
KUtH^rior  nuclei  of  the  ve«tibular  nerves  of  the  two  sides ;  F.i.tm^  fitscicnlo^)*- 

{({ttidinalismedialis ;  F.Py.,  fasciculi  longitudinales  pontis  i  pyramidales  :  Li- 
em  niHcus  latemlis  in  large  part  terminating  in  the  nucleas  of  the  coUimiv 
Inferior ;  L.m.,  lemniscus  medialis ;  N.IW  N.  trochlearis ;  X9ufbiLfmf..nmiem 
rolliculi  inferioris;  NuxMl)^  nucleus  centralis  superior,  pars  UtK'n&^- 
iVM.r.«.f  m),  nucleus  centralis  superior,  para  medialis ;  R.d.n.  P..  radix  dcatfiitoi 
[mes(*ncephalica]  N.  trigemim  ;  SLgre.^  stratum  griseam  centrale.  t¥tepB»- 
tion  by  Dr.  John  Hewetson.) 

of  the  nucleus  colliculi  inferioris  very  much  like  a  caljx  (Rg. 
539). 

The  nuelevn  lemnisci  lateralis  is  anatomically  condnnois 
with  the  nucleus  olivaris  superior,  although  the  chanKrt^r  d 
the  cells  situated  in  the  former  is  very  different  from  thst  d 
the  cells  in  the  latter.  The  nucleus  lemnisci  lateralis,  in  reco»- 
struetion,  forms  a  long  columnar  mass,  which  lies  in  a  trosfb. 
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medial  from  it,  made  by  the  fibres  of  the  lateral  lemniscus. 
Ramon  y  Cajal  divides  this  nucleus  into  an  inferior  and  a 
superior  part  {vide  infra). 

The  colliculus  inferior  of  the  corpora  quadrigemina,  much 
better  developed  in  man  and  higher  mammals  than  in  loWer 
forms,  presents  inside  a  very  much  more  distinct  nucleus  than 
does  the  colliculus  superior.  This  is  known  as  the  nucleus 
coUiculi  inf erioris.  On  the  lateral  surface  of  the  mesencephalon 
the  lateral  lemniscus  is  visible  as  the  so-called  trigonum  lemnisci. 
The  colliculus  inferior  is  connected  with  the  corpus  geniculatum 
mediale  of  the  diencephalon  through  the  brachium  quadrigemi- 
num  inferius. 

The  corpus  geniculatum  mediale  forms  a  small  ovoid  masa 
situated  medialward  from  the  lateral  geniculate  body  at  the 
junction  of  the  mesencephalon  with  the  diencephalon.  On  its 
surface  is  situated  a  superficial  layer  of  white  substance  which 
stands  in  relation  to  the  medial  root  of  the  tractus  opticus 
(commissura  inferior  Guddeni),  and  also  with  the  brachium 


Pulvinar. 

i 


CorpuM  geniculatum  mediale, 
'    Brachium  quadrigeminum  inferlua, 
Colliculus  mperiot. 


/  Aqueductus  cerebri. 


X. 


'iMu^X->?»    \l>ecu8satio  brachii 
s^j^j^^-.U'  conjunctivi. 


Corpus  geniculatum  laterale.       |  xlIS^' 

Nucleus  posterior  thalami, 

Fi(i.  540. — Frontal  section  through  a  normal  human  bmin  at  the  level  of  decus- 
satio  biachii  conjunctivi.  (After  C.  von  Mouakow,  Arch.  f.  Psychiat.,  Berl., 
Bd.  xxvii,  1895,  Taf.  ii.  Fig.  10.)  Su  lemniscus  superior  {obere  Schleife) ;  -S, 
main  portion  of  lemniscus  medialis  (Haupttheil  der  Schleifenschicht) ;  x,  lateral 
white  matter  of  lateral  geniculate  body. 

quadrigeminum  inferius  from  the  colliculus  inferior  (Fig.  540). 
(  Inside  the  capsule  of  white  matter  is  situated  a  gray  mass 

known  as  the  nucleus  corporis  geniculati  medialis. 

The  topographical  relations  of  the  nuclei  terminales  of  the 

cochlear  nerve  have  been  described  in  Chapter  XXXVIII, 
where  the  peripheral  auditory  neurones  were  considered.  The 
difference  in  character  between  the  nucleus  nervi  cochlearis 
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T«iitra)is  and  the   nacleas   neiri  cochlearis  dorsalia  rm  ?■ 
ferred  to  in  the  same  chapter. 

The  ttvcletts  nert'i  cochlea  ventraitg  can  be  BabdiTidnl  iat 
two  parts:  the  anterior  part  or  head,  and  the  posterior  pwix 


Fla.  HI.— Nupleua  N.  cochlcv  ventralin  of  a  newbiim  oit.  (Aflcr  S 
(tgal.  BeitiHK  zum  Studium  iler  Medulla  OhlongaU,  etc.,  Brrsli 
1896.  R  Bl.  Fig.  2IA.)  J,  anterior  portion  iirnDclcus:  R.  axutica. 
\vK :  C,  aioms  of  N.  vvstibuli ;  I>.  tractus  Hpinalis  N.  trifcemioi ; 
trapozoideDTD ;  a,  biuqp  from  cell  body  iu  nncleus  euinji  to  cor 
Eoideum  and  giving  off  a  collali^ral  which  nini  dotmlwanl :  t,  a 
collnleral  running  to  the  anterior  portion  of  the  Tentral  nacli 
brsDi^hed  axuiie  going  directly  into  the  n>rpaa  trapeiaideum ; 
axone  nith  callati>ml  passing  dorsalward ;  t,  eud  balb  of  ai 
cochIeK!. 
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tail  of  the  nucleus.  The  cells  in  the  tail  are  somewhat  less 
regular  and  rather  larger  than  those  in  the  head.  In  both  re- 
gions they  possess  numerous  dendrites,  which  branch  manifoldly 
in  the  gray  matter.  The  meduUated  axones  of  the  cells  situated 
in  the  anterior  or  head  portion  of  the  nucleus  (Fig.  541)  pass 
forward  and  medialward  in  a  rather  narrow  bundle  to  enter  the 
trapezoid  body,  where  they  spread  out  to  form  the  transverse 
fibres  of  this  structure.  The  axones  arise  usually  from  the  cell 
body,  but  occasionally  come  off  from  the  dendrites  at  a  consid- 
erable distance  from  the  cell,  a  fact  to  which  P.  Martin 
attributes  Sala's  mistaking  certain  of  the  cells  of  this  nucleus 
for  spinal  ganglion  cells.  As  Held  has  shown,  not  all  of  the 
axones  from  the  ventral  cochlear  nucleus  pass  ventral  to  the 
corpus  restiforme  into  the  trapezoid  body  ;  a  certain  number  of 
them,  those  in  the  tail  portion  of  the  nucleus  (Fig.  542),  go 
-dorsal  to  the  corpus  restiforme  to  plunge  down  again  medial- 
ward  and  forward  to  enter  the  corpus  trapezoideum,  passing 
-either  medial  to  or  lateral  from  the  fibres  of  the  tractus  spinalis 
nervi  trigemini.  Some  of  these  fibres  give  off,  in  passing,  col- 
laterals to  the  nucleus  nervi  vestibuli  lateralis  of  Deiters. 
The  axones  from  the  nucleus  nervi  cochlearis  ventralis,  having 
arrived  in  the  corpus-  trapezoideum  either  by  a  path  ventral  to 
the  corpus  restiforme  or  by  one  dorsal  to  that  body,  proceed,  as 
A  rule,  through  this  structure  to  the  region  of  the  superior 
olivary  complex  of  the  opposite  side,  where  they  turn  to  run 
forward  in  the  opposite  lemniscus  lateralis.*  Xot  all  the 
axones,  however,  from  the  ventral  cochlear  nucleus  go  into  the 
lateral  lemniscus  of  the  opposite  side.  Many  of  them  appear  to 
terminate  in  the  nuclei  of  the  superior  olivary  complex  of  the 
same  side  and  more  of  them  in  the  nuclei  of  the  superior 
olivary  complex  of  the  opposite  side.  Further,  a  few  in  all 
probability  run  to  terminate  in  the  nucleus  nervi  cochlearis 
Tcntralis  of  the  opposite  side,  for,  besides  the  terminal  fibres  of 
the  cochlear  nerve,  there  are  to  be  made  out  within  each 
ventral  cochlear  nucleus  terminal  axones  arriving  from  the 
trapezoid  body. 

•This  is  difficult  to  bring  into  accord  with  von  Monakow's  statement 

^hat  after  section  of  the  lateral  lemniscus  in  young  animals  there  is  no 

atrophy  or  degeneration  of  the  trapezoid  bodj.    The  conflicting  results  of 

the  various  investigators  are  carefully  compared  and  subjected  to  a  searching 

^criticism  in  the  article  of  Held,  1891. 
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Fhi.  MS,— Niidci  Urmlnalm  of  thf  N.  coclileiB  of  a  fom^my-oM  imhhit  ift^ 
H.  RitmAn  y  CMbI,  Rolting  mm  Studiiiro  der  Med  nils  nMoi^ta.&«*^ 
l*.l|i».,  l«»e,8.  M,  Pia.  Sa.)  ^.  nudeus  N.  corhl™  Tentimlui :  Reu^^f^ 
dim  (if  vpntral  nnHfiw:  C.  nadcnn  S.  fochlwe  dorsalis 't 
I'lim' :  K,  nirpui  rwrtiforme ;  F.  tractqs  HpiDnlis  N,  triceninL 
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The  HUcleuH  riervi  cochkiB  domalis^  often  spoken  of  as  the 
tuberculum  acusticum,  is  a  leaflike  mass  of  gray  matter  wTapped 
about  the  dorso-lateral  surface  of  the  corpus  restiforme.  In 
transverse  section  through  the  rhombencephalon  this  nucleus 
appears  to  be  divided  into  three  zones,  of  which  the  middle  one 
is  almost  entirely  free  from  meduUated  fibres.  The  meduUated 
axones  of  the  cells  situated  here  all  pass  dorsal  to  the  corpus 
restiforme,  but  the  fibres  can  be  divided  into  two  groups :  (a) 
those  which  enter  the  striae  meduUares  to  pass  to  the  middle 
line,  there  to  decussate  with  similar  fibres  from  the  opposite  side 
and  to  dip  down  and  become  involved  in  the  superior  olivary 
complex,  the  impulses  ultimately  finding  their  further  course 
forward  in  all  probability  through  the  fibres  of  the  lemniscus 
lateralis,  and  (h)  those  which,  instead  of  entering  the  striae  me- 
dallares,  plunge  directly  downward  to  arrive  in  the  superior  oli- 
vary complex,  the  trapezoid  body,  or  the  lateral  lemniscus.  The 
former  group  represents  the  dorsal  path  of  Held,  and  the  latter 
group  the  ventral  path  of  Held  from  the  dorsal  cochlear  nucleus. 

It  is  thus  seen  that  from  both  the  ventral  cochlear  nucleus 
and  the  dorsal  cochlear  nucleus  we  have  to  deal  with  a  dorsal 
and  a  ventral  path.  The  exact  terminations  of  the  axones  has 
not  been  clearly  made  out  for  any  one  of  these  paths.  How 
many  terminate  in  the  gray  matter  of  the  superior  olivary  com- 
plex of  the  same  side  or  of  the  opposite  side  is  not  yet  clear ; 
and  how  many  fibres,  if  any,  are  directly  continued  on  into  the 
lemniscus  lateralis  of  the  opposite  side  or  of  the  same  side  we 
do  not  yet  know.  It  seems  certain  that  the  majority  of  the  im- 
pulses coming  out  from  the  nuclei  terminales  of  the  cochlear 
nerve  on  one  side  ultimately  travel  forward  directly  or  indirectly 
through  the  lemniscus  lateralis  of  the  opposite  side.  That  a 
certain  proportion  of  the  impulses  pass  up  on  the  same  side 
seems,  however,  to  be  generally  accepted.* 

The  best  general  description  of  the  nucleus  olivarin  superior 
since  the  articles  of  J.  Lockhart  Clarke,  Schroder  van  der 
Kolk,  Dean,  and  Spitzka,  is  that  of  von  KoUiker.f     The  nucleus 


♦  For  a  report  on  an  interesting  case  of  pathological  implication  of  the 

nuclei  of  the  cochlear  nerve  the  re^er  is  referred  to  the  article  by  Adolf 

Meyer,  Anatomical  Findings  in  a  Case  of  Facial  Paralysis  of  Ten  Days 

Duration  in  a  General  Paralytic,  with  Remarks  on  the  Termination  of  the 

^•Auditory"  Nerves.    J.  Exper.  Med..  N.  Y.,  vol.  ii  (1897),  pp.  607-611. 

t  von  kailiker,  op.  cit,.  S.  263  ff. 


\ 


852  THE  NERVOUS  SYSTEM. 

is  much  smaller  in  human  beings  than  in  animals.  Flecbig, 
in  his  lectures  during  the  summer  semester  of  1895,  suggested 
that  the  nucleus  olivaris  superior  might  be  concerned  with  the 
innervation  of  the  muscles  of  the  ear,  inasmuch  as  it  is  mach 
larger  in  animals  that  have  large,  very  movable  ears.  It  is 
described  by  von  KoUiker  as  consisting  of  three  portions:  i 
larger  medial  portion,  and  two  lateral  cylindrical  masses.  It« 
situation  in  the  pons  is  ventro-medial  as  regards  the  uncleni 
nervi  facialis.  It  is  surrounded  by  and  partly  imbedded  in  ^ 
fibres  of  the  corpus  trapezoideum.  The  structure  is  most  eaaij 
studied  in  the  medulla  of  the  cat  or  rabbit ;  according  to  Spitzb, 
it  is  highly  developed  in  cetaceans. 

In  the  nucleus  olivaris  superior  are  situated  a  very  luge 
number  of  nerve  cells  which  send  their  axones  in  various  direc- 
tions, while  the  nucleus  receives  terminals  and  collateral  in 
enormous  numbers.  The  attempt  has  been  made  to  estabM 
the  relations  of  the  nucleus  to  other  portions  of  the  nerrooi 
system  by  studies  with  the  embryological  method  of  Flechsi|, 
with  secondary  degenerations,  and  with  the  method  of  Go]|i 
The  researches  of  Flechsig  and  von  Bechterew  show  a  corr^ 
spondence  in  myelinization  of  a  portion  of  the  white  mfttter<il 
the  superior  olive  to  that  of  the  trapezoid  body  and  the  ktenl 
lemniscus.  Von  Bechterew  has  further  postulated  (fn© 
studies  of  myelinization)  a  connection  of  the  nucleus  oBw 
superior  with  the  nucleus  fastigii  through  a  bundle  wiiid 
passes  through  the  medial  part  of  the  corpus  restiforme.  He 
has  also  described  a  connection  between  the  nucleus  oliure 
superior  and  the  nucleus  nervi  abducentis  by  means  of  a  bmdle 
of  fibres,  which  passes  out  of  the  dorsal  portion  of  the  snperior 
olivary  nucleus,  runs  parallel  to  the  root  fibres  of  the  nerns 
facialis,  and  goes  to  terminate  in  the  nucleus  nervi  abducenis 
This  bundle  is  known  as  the  peduncle  of  the  nucleus  olitiff 
superior,  and  is  shown  in  its  first  portion  at  least  in  theaeeoB- 
panying  figure  (Fig.  543)  taken  from  von  KoUiker's  tcit4»i 

According  to  Baginsky,  if  the  cochlea  be  destroyed  in  i 
newborn  animal  there  results  atrophy  and  disappearance  of  tk 
cells  and  white  matter  of  the  nucleus  olivaris  snperior  of  ti' 
same  side.  Von  Monakow  found  that,  on  cutting  the  bi^ 
lemniscus  on  the  right  side  in  the  cat  or  dog,  the  dorsal  v^ 
matter  of  the  right  upper  olive  atrophied  and  disappfttf^ 
Not  all  of  the  white  matter,  however,  of  the  upper  oliTe  «t«* 
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in  relation  to  the  lateral  lemniscne,  and,  what  is  more,  sectiun 
of  the  lateral  lemniacua  leada  t*  atrophy  and  degeneration  of 
only  a  portioD  of  the  cells  in  the  nucleus  olivaris  superior. 
\'on  Monakow,  therefore,  holds  that  the  nncleus  olivaris  su- 
perior stands  only  in  part  in  relation  to  the  lemniscuB  lateralis 
of  the  opposite  side,  the  fibres  concerned  passing  through  the 
dorsal  white  matter  of  the  olive  and  occupying  the  dorsal  field 
in  croBB  sections  of  the  lateral  lemniscus.* 


/-==i 


it  the  level  of  the 
iirleUB  N    corhliw   ventralu.      (After  A     vod    Ki^llkcr    H 

()ewelN.lehre  \J    \ufl    Bd   ii   Leipz    IS96  S  203  Fift  483  )    _   _ 

Ttstlbnli  UtemlU  (Deitvnl  Fl  ragclrulUH  tonsitudinalui  medialiH  Frh, 
TintnculuB  quBrtuB  ao  nuclras  olivanH  sapenoT  'Va  peduncle  of  nurleuB 
nliTHni  nipenor  Tr  corpUB  trapexoidium  I  tiactiis  spinalis  N  tnseiiiini ; 
^F  N  veitibuh  [/  ndii  V  abducentia  If  nucleui  \  abdiieentis  17/, 
nuclens  N  CkibIis  III'  ladii  N  raciuliH  para  pnraa  I//'  radix  N. 
raeialisKenu  internum  III'  radix  V  foeialis.  nara  seiunda  I  III  nncleus 
N   cochiefe  icotialis     I  ///    ladli  deacendeni  N   \i'«tibuli 

The  studies  undertaken  by  the  Golgi  method  hare  led  to 
somewhat  more  satisfactorv  results  in  this  region  These  have 
been  earned  out  by  Held,  von  Kolliker  and  Ramon  y  Cajal. 
AVithout  going  into  a  detailed  description,  the  following  general 
statements  may  be  made :  The  cell  bodies  in  the  nucleus  oli- 
varis superior  resemble  a  good  deal  in  type  those  of  the  nucle- 

•  Ton  Monakow.  C.  Slriip  AeuslicjB  und  noterp  Schleife.  Arch.  f.  Psy- 
chiat.,  Berl,.  Bd.  xxii  (160O},  S.  1-26. 
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us  olivaris  inferior  and  those  of  the  nucleus  dentatus 
cerebellum.  They  possess  numerous  much-branched  de 
which  are  turned  toward  the  interior  of  the  nucleus,  the 
being  directed  in  the  main  toward  the  periphery  of  the  i 
The  axones  of  the  cells,  according  to  Ramon  y  Cajal, 
three  directions :  (1)  The  majority  of  them,  after  giving 
laterals  in  the  nucleus  itself,  pass  to  the  dorsal  surfac 
nucleus,  and  then  turn  to  run  vertically  (either  by  ben 
by  bifurcation)  in  a  longitudinal  bundle,  which  is  eon 
with  the  lemniscus  lateralis  of  the  same  side.  (2)  A 
number  of  axones  much  curved  inside  the  nucleus  k 
latter  at  its  lateral  border  to  enter  the  trapezoid  bodj 
they  can  be  followed  nearly  as  far  as  the  nucleus  ner 
learis  ventralis.  Held  describes  similar  axones  as  actuj 
minating  inside  the  ventral  cochlear  nucleus.  (3)  Other 
arising  in  the  nucleus  olivaris  superior  pass  out  at  the 
side  of  the  nucleus  to  enter  the  plexus  of  the  nucleus 
varis,  there  to  mingle  with  the  fibres  of  the  trapezoic 
Further,  according  to  Held,  axones  can  be  followed  fr 
cells  of  the  nucleus  olivaris  superior  directly  into  the  i 
nervi  abducentis,  these  axones  doubtless  corresponding 
bundle  which  has  long  been  described  in  Weigert  prepa 
as  the  peduncle  of  the  nucleus  olivaris  superior.*  It  is  i 
likely  that  such  a  path  is  of  importance  in  connection  wi 
acoustic  eye  muscle  reflexes. 

Terminating  in  the  nucleus  olivaris  superior  can  be 
out  many  fibres  from  the  corpus  trapezoideum.  Many  oi 
are  doubtless  terminal  fibres,  but  the  main  mass  of  thei 
sists  of  an  enormous  number  of  collaterals  given  off  aln 
a  right  angle  from  the  transverse  fibres  of  the  corpus 
zoideum.  These  terminals  and  collaterals,  together  with  tl 
minals  and  collaterals  which  enter  the  nucleus  from  th 
matio  reticularis,  and  the  collaterals  from  the  axones  a 
from  the  cells  in  the  nucleus  itself,  form  a  dense  plei 
fibres  as  complicated,  perhaps,  as  any  met  within  the  c( 
nervous  system.  The  accompanying  figure  illustrates  well 
of  these  relations  (Fig.  544). 

The  nucleus  corporis  Irapezoidei  is  also  better  develop 
other  mammals  than  in  man,  but  can  nearly  always  be  i^ 


*  Siiel  der  kleinen  Olive  of  the  Germans. 
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:.  It  18  situated  between  the  nucleaa  olivarig  superior 
■oot  fibres  of  the  nervus  abdacens,  the  cells  which  com- 
fing  in  among  the  fibrea  of  the  corpus  trapezoideum. 
ucleoB  terminate  many  collaterals  from  the  tranayerae 
the  corpna  trapezoideum,  and  a  certain  number  of  ter- 
rea  which  come  from  the  region  of  the  raphe.     In  ad- 


rninsvcnie  wction  through  the  ventral  pert  of  tho  nucleus  olivaris 
r  with  the  adjacent  fibrua  of  the  corpus  trapezoideum  of  a  newhoru 
athndofOalKi.  {After  A.  von  Kullikcr,  Handbuch  der  GewebelehK, 
I.,  Bd.  ii.  Leipz..  1896.  8.  267.  Kig.  486.)  VTl.  radix  N.  fitcialis,  pus 
.;  CM.  lateiHl  lobe  of  nucleus  olivaria  inferior;  0.™,  medial  lobe;  tr, 
in  corpus  tnipezuideum ;  Ir'.  bundles  of  collaterals  from  trapcziud 
passins  into  nucleus  olivaria  inferior ;  trz,  cells  ot  nucleus  corporis 


lere  terminate  in  this  nncleug  a  certain  number  of 
■ge  thick  axonea  which,  on  coming  into  contact  with 
lodies  situated  in  the  nuclens,  expand  into  those  pecul- 
laqnes  or  acoustic  calyces  which  were  discovered  bj 
I  which  have  been  so  carefully  atudied  by  him  and  by 

Cajal.  The  latter  fibres  come  from  the  region  of  the 
>BBibly  from  the  nucleus  nervi  cochlese  ventralis  (Ba- 
ijal),  or  possibly  from  the  nucleus  corporis  trapezoidei 
pposite  side  (Held);  they  enter  the  nucleus  of  the 
body,  where  the  axone  widens  and  spreads  out  to 

yellowish,  almoat  homogeneous,  cup-shaped  expansion, 
ises  with  a  spherical  cell  body  inside  the  nucleus. 

Cajal  has  compared  this  plaque  to  the  Tastmenisken 
el),  and  to  the  ivy-ahaped  endings  which  Ranrier  has 
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Fig.  545.— Terminals  of  axones  upon  the  cells  in  the  nucleus  corporis  i — . 

(After  S.  Meyer,  Arch.  f.  mikr.  Anat.,  Bonn,  Bd.  xlvii,  1898,  Tai.  xxr^ 
Figs.  1,  2,  3.)  A.  From  a  section  through  tlie  region  of  exit  erf  thfN-J^ 
ducens  of  a  newborn  guinea-pig ;  methylene-blue  staining.  Betw«»  * 
axones  of  the  N.  abducens  are  seen  numerous  axones  tenninatinc:  ap**"* 
cells  of  the  nucleus  of  the  trapeasoid  body.  B.  End  apparatus  from  »■**] 
section  of  the  same  series.  C.  The  same  structures  stained  by  the  sl<*  <w 
method  from  a  rabbit  several  weeks  old-  Only  a  few  of  the  endiap  •" 
shown  upon  each  cell  in  all  the  figures. 
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in  the  skin.  Theae  asones  terminatiDg  in  acouatic 
n  the  celU  of  the  trapezoid  nucleus  are  much  larger 

asones  arising  from 

of  the  nncleas.  It 
e  to  atahi  them  with 
'Hd  and   carmine  in 

sections    (Kam6n    y      /^^^^^^^  "T^  ^ 
id  recently  they  have      "  "^S^^^SCfKaiZ-j 
nod   in  the  newborn 
r,  rat,  and  rabbit  with 
s-blne  (Semi  Meyer)* 

,        IT   u    I.        „  .1         FlO    MB — 1        from  nu  1  UH    orporiii 

).      Held   has  recently  trapeandt.  of  newborn  caL     (After 

m  again  the  study  of        a^'' Ai.oT'V^^'Kf  iii''Fr'"2") 

llCtnres    by    the    most  Fliatinn     with     van     Uehuthli'n's 

lU    J         _j    1.            ■.■!  miiture ;  siHining  wilh  iron  hiieioa- 

ethods,  and    has  utll-  toiylin.    The  large  ftsone  k  seen 

■eanlts  to  support  his  EiwilSf  SLriJe/d'^c^ril' Zfci^ 

f  concrescence  as  one  C''n'c  relation.      The  small  aione 

,      ,   ^.      ,  withitHaiunehilluckUBriiiiDEfnim 

Iterneuronal  relationt  the  cell  body  shown  in  the  figure. 

;  and  547). 

the  designation  nucleus  praolivaris,  Ram6n  y  Cajal 
he  mass  of  cella  lying  ventral  from  the  nuclens  oli- 
irior  and  lateral  from  the  nuclens  corporis  trapezoidei. 
eus  ia  included  by  most  writers  in  the  nucleus  of  the 
body,  but  its  cells  are  much  larger  and  are  of  differ- 
.  The  dendrites  are  large  and  manifoldly  branched. 
38  pass  into  the  lateral  lemniscus  in  its  medial  part 
A  few  axones  pass  lateralward,  perhaps,  to  form  an 
1  path  between  the  nucleus  prseolivaris  and  the  nuclei 
i  of  the  cochlear  nerve.  The  curious  calyxlike  end- 
icteriatic  of  the  nuclens  corporis  trapezoidei  are  not 
;be  nncleiia  prteolivaris. 

lotber  nucleus  in  this  region  Is  defined  by  Ramon  y 
i  describes  as  the  nucleus  semilunaris  a  mass  of  nerve 
ted  just  ventral  to  the  convexity  of  the  nucleus  oli- 

S.  I'eber  eine  VerbindunKiweise  der  Neuroneti  ;  nebst  Mitt- 
eber  die  Tecbiiik  uml  die  Erfolge  der  Methods  der  subcutancn 
.uinjeclion.     Arch.   t.    mikr.  Anst.,  Bonn,  Bd.   ilvii   (1806),  S. 

\.  Beitrfige  znr  Siructiir  der  Nerveniellen  und  ihrer  FortsBtze. 
indlung.  Arch.  f.  AnaL  u.  Physiol,,  Anat.  Abth.,  Leipz.  (1807), 
-,  S.  S57  ft. 
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varU  superior,  embracing  ta  ventral  surface  (Fig  549) 
cells  in  this  crescentic  mass  are  stellate  tnangular  or  i 
shaped ;  they  are  separated  from  one  another  by  mtenp 


FlQ.  MT. — Cell  of  tbo  nuclcui  corporis  tnipczoidei  of  aa  adult  nbbit    F 
with  van  Gehnch ten's  mi iture  ;  panfBn  section  I.5microiutlikk;n; 

mctfaylenc-blne  staining.  lAfler  H.  Held,  Arch.  f.  An&t.  u.  Phjsii 
Abth.,  Leipi.,  1897,  Taf.  i.  Fig.  3.)  The  aiis  c^linden  In  I  which  pi 
cell  are  staiiiod  honitwcneoiiBly ;  the  fibres  (ft)  terminating  in  tbr  c 
tain  largu  numbers  of  isolated  neuroaomes ;  the  lower  borferoii 
inclosed  by  the  terminal  aione  shows  very  distinctly  a  ta»  b 
union  between  the  axia^cylinder  protoplasm  and  the  ttroand  sobrtiw 
cell  body,  since  here  the  same  plasma  lajrcr  is  common  to  both.  Oolh 
hand  Hide  the  eytospongium  is  wide-meshed  owing  to  ciiane  rtmilia 
account  of  which  the  axis-cylinder  teTminal  looks  to  be  man  indr) 
from  the  rest  of  the  cell  mass. 

which  an  enormous  number  of  collaterals  are  distribnted. 
axones  of  the  cells  situated  here  are  extremely  difficult  tol 
but  appear  to  ran  lateralward  to  become  associated  with 
fibres  of  the  corpus  trapezoidenm.  The  nucleus  is  cbandi 
definitely  by  the  entrance  into  it  of  two  or  more  baoi 
collaterals  of  such  extraordinary  delicacy  that  BainoD  j 
considers  them  to  be  without  doubt  the  finest  in  th«  wboh 
vouB  system  (a  in  the  figure).  There  are  usoally  W 
bundles,  the  lateral  being  somewhat  more  TolominoDs  tto 
medial  bundle.  They  have  their  origin  in  the  more  snpfrf 
and  delicate  axoues  of  the  corpus  trapezoidenm,  torn  *■ 
they  come  off  almost  at  a  right  angle.  The  termiiui  l«»* 
of  these  collaterals  inside  the  nuclena  semiluouw  tn " 
tremely  delicate  aud  so  closely  interwoven  that  tbcf  c 
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i  out  only  by  meana  of  the  highest  powers  of  the  micro- 
3.  In  Golgi  preparations  they  are  bo  fine  that  they  do  not 
of  a  black  color,  but  look  yellowish,  and  resemble  minute 
■y  threads.  These  bundles  of  collaterals  extending  between 
rapezoid  body  and  the  nucleus  semilunaris  are  easily  visible 
eigert-Pal  preparations.  They  are  often  mistaken  for  col- 
als  which  go  to  the  nucleus  olivaris  superior,  but  Ram6n  y 
I  maists  that  the  latter  are  quite  different  from  those  under 
Lssion,  inasmuch  as  they  are  much  coarser,  and  have  their 
n  in  deeper  trapezoid  fibres  (Cm  the  figure) 


__.     je  nection  through  the  region  of  the  corpus  trapeioideum  of  « 

'wbom  mouse.  The  upper  bonier  of  tho  figure  reprosents  the  Tential  aur- 
ee.  (After  S.  Run6n  y  Oijal.  Beitrag  zuni  Studium  <Ier  Medulla  OhlonRata, 
voler,  Lcipi..  1896,  8.  88,  Vig.  23, 1  A.  nucleus  olintrin  EUperior ;  J,  nucleus 
teolivaris;  C.  nucleus  corpiiria  trapezuidei ;  D.  fo«ciculi  pyramidal«s  in 
iHs  section;  E,  central  acouHtic  path  or  place  wbere  the  axones  of  the  trape- 
id  body  turn  lo  ran  Tprtically  into  the  lemniifcUB  LiWralia ;  a,  cell  of 
irleUB  of  tiBpeioid  body  the  axune  of  which  gives  off  collaterals  to  this 
icleus  and  to  the  nucleus  pneolivaris;  5,  another  analogous  fibre  which 
fiirrateH;  c,  collateral  from  another  fibre  of  the  same  sort  fur  the  nucleus 
arolivaris;  d,  cell  of  the  nucleus  pneolivariK  the  aionc  of  which  appears 

go  lateialWBid  -,  e,  cf  Us  the  axoues  of  which  go  to  the  white  substance  to 
no  an  aitci^niling  patli  la,  a,  al ;  /.  n.  j,  cellsof  the  nucleus  oliTsris  superior; 

[udii  N.  facialis,  paraecuuda. 

rom  what  has  gone  before,  it  will  be  seen  that  the  corpus 
t2oidfum  is  a  very  complex  structure  containing  medullated 
es  of  very  different  origin,  and  probably  of  very  different 
ination.  Von  KOUiker  thinks  it  probable  that  the  major- 
f  the  tranarerse  fibres  represent  medullated  axones  arising 
1  cells  situated  in  the  ventral  cochlear  nuclei  of  the  two 
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sides.  Bnt,  ia  addition,  there  are  andoubtedlj  fibres  frat: 
nncleas  nerri  cochleans  dorsalie  of  each  side,  from  the  nsw 
corporis  trapezoidei,  from  the  nucleus  olivaris  saperiw.&i 


Fio.  549. — Kuclens  semilunaris  of  a  newborn  mi:  method  ot  Golgi.  <JARi 
Bain6ii  j  Cojal,  Btitrag  zum  Studium  der  Medulla  OhloofcMa.  rtf.  Bnl« 
Leipz..  1896.  S.  90,  Fi^.  23a. )  A,  main  portion  of  nacleus  irmilnniht:  I 
nuclPUB  oliTaria  supcnot ;  C,  coarse  cu11at«rals  ending  in  the  nnrlnia  tUn" 
nuperior;  a,  bundle  uf  very  fine  coilateraU  vvhich  go  to  the  nnehiB  «» 
lunaris  ;  b.  delicale  supertleial  flitres  of  the  corpuB  trapecoideum  ;  f.  tcmin^ 
of  aioiies  in  the  nucleus  olivariB  BU|wrior;  J,  spincllc  celU  of  the  n»tl<" 
□livaris  Buperior,  the  axi>[ie»  uf  which  go  intu  the  hiluH. 

the  nuelena  prtBolivaris,  and  possibly  from  the  nnclena  »em^ 
lunaris. 

The  finer  structure  of  the  lateral  lemniscus  must  next  t* 
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isidered.  The  medullated  fibreB  of  which  it  conBists  are  eep- 
tted  from  one  another  by  islandB  of  gray  matter.  The  gray 
,saes  form  two  main  nuclei :  the  Ducleus  lemniaci  lateralis  in- 
ior,  which  is  directly  or  almoBt  directly  continuous  with  the 
cleuB  olivaris  inferior,  and  which  extends  for  a  considerable 
tance  upward,  and  the  so-called  nucleus  lemnisci  lateralis 
>erior,  composed  of  a  number  of  gray  masses  more  or  less 
larated  from  one  another,  although  with  high  powers  minute 
umuB  of  cells  can  be  seen  connecting  this  nncleus  with  the 
rer  one. 


Radix  dti 
Brafhium  conjut 


..  550.— tut  shram  nftirHntLoii  of  linmiHCUJi  laterals  im  right  SLdi  frontal 
ftevtion  through  the  pans  just  infpnor  to  the  luiliriilus  euuenur  (  Kttt^r  C 
von  Monakow   Arth    f  Psychiat    Eerl     Bd   siii   189U  Tof  i    fig  1  ) 

The  most  careful  studies  of  secondary  degeneration  foUow- 
;  bsions  of  the  lateral  lemniscns  are  those  of  von  Monakow  • 
'  concludes  from  hia  experiments  that  the  fibres  of  the  lateral 
miscus  can  he  divided  into  five  portions 

(1)  A  portion  connected  with  the  striae  acusticie  {Fig  560,  c). 

(2)  A  portion  connected  with  the  nucleus  olivaris  superior 
g.  550.  c). 

(3)  A  portion  connected  with  the  yeiitral  decussation  of  the 
mentum  {Fig.  550,  d). 

(4)  A  portion  connected  with  the  nucleus  lemnisci  lateralis 
g.  550,  a). 

^5)  A  portion  consisting  of  very  short  fibres  (Fig,  550,  b). 

*  yon  Monakow,  C.     Op.  cil. 
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The  first  portion,  that  connected  with  the  strise  acustjce^he 
thinks,  serves  to  connect  the  nuclei  terminales  of  the  cociiidr 
nerve  with  the  cerehrum.  The  region  of  the  lateral  lenmiscs 
occupied  by  these  fibres  is  shown  in  the  diagram  (Fig.  550). 

Von  Monakow's  statements  regarding  the  portion  of  tk 
lateral  lemniscus  connected  with  the  ventral  decussation  of  tk 
tegmentum  are  not  very  satisfactory.  He  believes,  howew, 
that  it  is  the  medial  portion  of  the  lateral  lemniscus  which  ii 
concerned.  Later  studies  have,  however,  shown  the  correctDes 
of  this  view  of  von  Monakow,  and  in  Chapters  LVII  and  LVID 
it  will  be  pointed  out  that  the  fibres  here  mentioned  are  the 
axones  of  cells  situated  in  the  nucleus  ruber.  They  descend  to 
the  spinal  cord. 

The  fibres  in  the  lateral  lemniscus,  which  are  connected 
with  the  nucleus  olivaris  superior,  occupy  the  dorsal  portHi 
of  the  lateral  lemniscus,  being  mixed  with  the  portioD  i 
the    lateral    lemniscus  which    is    connected  with  the  m 
acusticse.      The    bundle   in  the  lateral   lenmiscus  coimectfii 
with  the  nucleus  lemnisci  lateralis  is  situated  in  its  ceonsi 
portioh.     The  fifth  portion  of  the  lateral  lemniscus  descriW 
by  von  Monakow  as  consisting  of  short  fibres  is  probsbljce^ 
cemed  in  connecting  neighboring  masses  of  gray  matter  liti 
one  another. 

The  lateral  lemniscus  has  been  studied  by  Golgi's  mecfoii 
by  Held,  von  KoUiker,  and  Ramon  y  Cajal.     Held  belieregtsJ 
the  meduUated  axones  of  the  lateral  lemniscus  are  deriredfrj" 
the  nucleus  nervi  cochleas  ventralis  of  the  same  side  sA  d 
the  opposite  side,  from  the  nucleus  olivaris  superior  ol  W 
sides,  from  the  nucleus  corporis  trapezoidei  of  both  sides, » 
from  the  nucleus  nervi  cochleaa  dorsalis  of  both  sides  bjnj 
of  the  striae  acusticsB.     His  views  concerning  the  reUtioDite* 
are  well  shown  in  his  diagram  (Fig.  551).    Von  K6lliktf  f^' 
firms  these  results  in  part,  and  states  that  he  finds  fibres  in« 
the  nucleus  nervi  cochleae  ventralis  going  to  the  lateral J^  ^,^. 
niscus  of  the  opposite  side  to  form  its  ventral  partifin^' 
fibres  from  the  nucleus  olivaris  superior  and  nucleus  l^^-  |  ;.:^ 
lateralis  of  the  same  side.     He  also  confirms  von  }iom^\ 
findings  of  the  relations  of  fibres  in  the  ventral  decosao* 
the  tegmentum  to  the  lateral,  lemniscus.    The  stris  acosQ*  |  ^i: 
he  believes,  undoubtedly  help  to  form  the  lateral  lemni*''*'^ 
mammals. 


I  II 

Hill 
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How  many  fibres  of  the  lateral  lemniscus  are  as< 
axones  arising  in  nuclei  lower  down,  and  how  many  k 
descending  axones,  is  not  yet  fully  decided.  Certai 
majority  of  fibres  ascend  and  represent  an  auditory 
tion  path.  That  some  fibres  descend  seems  certain,  f 
studies  of  Held,  but  further  investigation  is  nece« 
determine  their  exact  number,  their  origin,  and  their  1 
relations. 

The  studies  of  Ramon  y  Cajal  with  regard  to  the  i 
the  Jateral  lemniscus  are  helpful.  He  holds  that  vl 
lower  nucleus  of  the  lateral  lemniscus  is  anatomically  • 
ous  with  the  nucleus  olivaris  superior,  it  is  nevertheh 
sharply  separated  from  the  latter  nucleus,  for  its  cod 
cells  are  very  different  in  shape,  and  the  axones  are 
different  in  their  distribution.  The  cells  in  the  lower 
of  the  lateral  lemniscus  are  large,  stellate,  or  spindle 
and  possess  long,  smooth  dendrites,  which  are  much  bi 
The  axones  of  these  cells,  in  contradiction  to  Held,  I 
Cajal  asserts,  do  not  ascend ;  at  any  rate,  in  the  majorii 
preparations  he  found  that  they  passed  medialward»  ^ 
to  run  in  the  direction  of  the  raphe,  although  he  was  ; 
to  follow  the  fibres  to  their  termination.  The  cells  of 
eral  lemniscus  come  into  conduction  relation  with  an  ei 
number  of  collaterals,  which  come  off  from  the  fibres 
lateral  lemniscus  as  they  pass  by,  a  fact  which  has  be 
firmed  both  by  Held  and  Ramon  y  Cajal. 

The  cells  of  the  upper  nucleus  of  the  lateral  lemnifl 
more  scattered.  Ramon  y  Cajal  states  that  in  general  t 
spindle-shaped  with  polar  dendrites,  which  extend  trans 
Here  again  the  axones  almost  all  go  medialward,  and, 
lieves,  decussate  in  the  middle  line  in  order  to  help  to  fc 
ventral  decussation  of  the  tegmentum. 

There  has  been  much  dispute  as  to  the  nature  of  th( 
verse  bundles  of  rather  fine  fibres,  which  are  ejisily  ni 
Weigert  preparations  from  the  newborn  babe  (Fig.  55 
tending  between  the  lateral  lemniscus  and  the  region 
brachium  conjunctivum.  Held  assumed  that  these  fibr 
resented  meduUated  axones  which  pass  from  the  lateral  1 
cus  to  enter  the  brachium  conjunctivum,  and  to  follow  a  ( 
farther  cerebralward,  similar  to  that  of  the  fibres  of  the 
bundle.     This  view  has  been  opposed  by  von  Bechteref 
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KoUiker,  and  Ramon  y  Cajal.     According  to  von  Bechterew,* 
these  fibres  pass  to  the  lateral  surface  of  the  stratum  griseum 

Cal 

Nu. 


Kjo.  552. — Transveree  section  through  brain  of  newborn  babe.  Ix»vel  of  coUiculi 
inferiores  of  corpora  quadrigemina.  (Weigert-Pal,  stories  ii,  section  No.  390. ) 
Aq.eer.^  aoueductus  cerebri ;  a,  fibres  running  from  lateral  lemniscus  toward 
dorsal  boraer  of  brachium  conjunctivum  ;  Br.  Conj.^  bnurhium  conjunctivum  ; 
C.c.i.,  commissure  between  the  coUiculi  inferiores;  Dec.Bech., yentr^t}  portion 
of  brachium  conjunctivum,  which  in  reality  forms  a  commissure  between  the 
superior  nuclei  of  the  vestibular  nerves  of  the  t\iv'o  sides ;  F.l.m.^  fasciculus  lon- 
fntudinalismedialis ;  i^./V^  fa<^ic'uli  longitudinales  pontis(pyTamidales) ;  L.I., 
lemniscus  lateralis  in  large  part  terminating  in  the  nucleus  of  the  coUiculus 
inferior ;  L.m.,  lemniscus  medialis ;  iV./r.,  N.  trochlearis ;  Nu.CoUAnf.,  nucleus 
coUiculi  inferioris ;  Nu.chaI)^  nucleus  centralis  superior,  pars  lateralis ; 
Xu.csAm)^  nucleus  centralis  superior,  pars  medialis ;  R.a.n.  F.,  radix  descendens 
[me8(*ncephalica]  N.  trigemini ;  St.gr  c.,,  stratum  griseum  centrale.  (Prepara- 
tion by  Dr.  John  Hewetson.) 

centrale,  and  thence  run  along  it  toward  the  raphe,  where  they 

vanish  from  view.     Von  Kolliker  denies  any  direct  relation  of 

^hese  fibres  to  the  brachium  conjunctivum,  and,  on  the  contrary, 

.assumes  that  they  represent  arcuate  fibres.     He  describes  them 

passing  beyond  the  brachium  conjunctivum,  and  then  bend- 


*  Ton  Bechterew.      Die  Leitangsbahnen   im  Gehirn  und  RQckenmark 
::I8©4).  S.  113. 


866  THE  NERVOUS  SYSTEM. 

ing  down  either  lateral  or  medial  from  the  meeenceph«lk 
of  the  nerrus  trigeminuB,  in  order  to  form  definiU 
arcnatEB  internee  (Fig.  553).  Ramon  y  Cajal  could  not 
these  fibres  described  by  Held,  nor  conld  he  6nd  any  eel 
the  nuclei  of  the  lateral  lemniscus,  which  sent  axonee  ( 
ward,  such  aa  Held  describes.  We  have  frequently,  in 
Mall's  laboratory  in  Baltimore,  observed  fibres  extending 
the  region  of  the  lateral  lemniscus  to  the  region  of  the  bnc 
conjunctivum,  but  have  not  been  able,  thus  far,  to  con 
any  positive  conclusion  regarding  their  ultimate  distribotii 


FlO  563  — I^rt  of  a  traOBVersc  aect  on  of  the  spinal  eitrpmity  ol . 

inferior  of  the  cat,  (.^[Ur  A.  von  Kolliher,  Handhuch  de  Gmhrldnf 
VI.  Aufl..  Bd.  ii,  Leipi..  1898.  S.  595,  Fig,  BM.)  a.  aqneductos  ratbri;. 
brachium  conjunctivum ;  Cg,  stratum  Briseuni  centrale  ;  JT.  vontnl  W 
nurlena  colliculi  iDferinris :  NLt.  nucleuH  Ipninisci  latcialu;  U,  itB" 
lateralis ;  g,  fibres  running  from  rpgiun  of  lemniscuB  lAteralix  (d  bioB  i 
teraat  arcuate  fibres;  /[',  N.  trocblcariB. 

The  lemniscus  lateralis,  having  arrived  at  the  inferiorbcrii 
of  the  mesencephalon,  passes  in  large  part  dorsalward,*!* 
been  stated,  to  plunge  into  the  colliculus  inferior  o(tl«p» 
pora  quadrigemina  (Fig.  554).  At  this  level  the  reeiprwil''' 
lations  of  the  lemniscus  lateralis,  the  lemniscus  medaka' 
the  brachium  conjunctivum,  become  much  altered.  In  '^ 
pons  the  lemniscus  lateralis  is  situated  close  to  the  lemni'* 
medialis,  the  fibres  of  the  one  bundle  going  over  iiW* 
other  without  sharp  limit.  But  from  this  point  on  ll>''" 
bundles  are  easily  distinguishable  from  one  another,  iiuai»i 
as  the  lemniscus  medialis  continues  its  course  withoot  Bt^ 
change  of  direction,  while  the  lemniscus  lateralis  turns  sta?^ 
dorsalward  and  enters,  at  least  in  large  part,  the  nQclf  '^ 
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CoUhalm  m^ftor 


■X  system.     (Peripheral  ftoditory 
ry  neurones.  orandiCory 


\  tnpucidfi  Cerfm  InpaffUtam 

fiufna  Htm'  ttchlKU  rmlfob 


of  II  ordur  and  of  hlBluir 


'IfmHiaeat  ImtirtUs 


Ntidtus  ccrpjnt  traprt^iJA 


.  664. — Schemes  illuHtrating  terminatiaD  of  aiones  of  N,  cocblete  in  the  ceO' 
tral  DerroUH  iiystem.  toeether  witb  some  of  the  central  mditoiy  nearooee, 
(After  H.  Held.  Arch,  f  Anat.  u,  Phyetol,,  Anat.  Abth.,  LeIpE.,  1893,  a  240, 
Fig.  18.) 
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liculi  inferioris.  The  brachium  conjunctivnm  at  the  am 
level  begins  to  turn  ventralward,  and  a  little  higher  ap  enters 
into  the  decussatio  brachii  eonjunctivi. 

The  relations  of  the  lemniscus  lateralis  to  the  nucleus  cd- 
liculi  inferioris  are  very  characteristic,  and  lend  an  especial 
stamp  to  this  portion  of  the  brain,  so  that  Weigert  prepantiooi 
of  transverse  sections  through  the  inferior  coUicalus  are  recof- 
nizable  at  first  glance,  when  one  is  once  familiar  with  the  ip- 
peArances.  The  nucleus  of  the  inferior  coUicalns  sits  likei 
berry  on  a  stem,  the  latter  being  formed  by  the  diverging  fibre 
of  the  lateral  lemniscus.  A  portion  of  the  fibres  pass  over  tk 
dorsal  surface  of  the  nucleus  coUiculi  inferioris  to  decussate  is 
the  velum  medullare  anterius  with  similar  fibres  from  the  oppo- 
site side  (so-called  Hirnklappenschleife  of  Meynert).  Von  K»i- 
liker  believes  that  many  of  the  fibres  enter  the  frenulam  leli 
medullaris  anterioris. 

Still  another  portion  of  the  lateral  lemniscus  passes  bj  tk 
coUiculus  inferior  to  enter  the  coUiculus  superior,  there  to  va- 
minate  in  the  middle  portion  of  the  stratum  griseum  collienii 
superioris.     This  bundle,  being  one  of  the  earliest  to  becose 
meduUated  in  the  coUiculus  superior,  is  extremely  easy  to  foDov. 
Doubtless  these  fibres  are  of  no  inconsiderable  significance  is 
connection  with  reflex  movements  of  the  eyes  depending  njw 
acoustic  stimuli,  inasmuch  as  we  have  seen  that  the  snperier 
coUiculus   of   the  corpora  quadrigemina  represents  the  x^ 
important  subcortical  central  organ  for  the  control  of  tJle«1^ 
muscle  movements  (Figs.  555-558). 

And,  finally,  a  portion  of  the  fibres  of  the  lateral  lemnirB 
probably  pass  forward  through  the  brachium  qnadrigeiniDBi 
inferius  to  terminate  in  the  corpus  geniculatum  medialeorfe 
immediate  neighborhood. 

Held  describes  fibres  of  the  lateral  lemniscus  which  piss  <s 
directly  through  the  tegmentum,  the  hypothalamic  region,  ic^ 
the  internal  capsule  to  the  cerebral  cortex  (Held's  diredeofv 
tische  Rindenhahn).  That  such  fibres  may  exist  is  not  imi»^ 
sible,  though  that  there  are  many  such  seems  unlikely,  since,* 
von  KoUiker  points  out,  the  experiments  of  von  MonakowfW" 
that  after  removal  of  the  temporal  lobe  in  the  rabbit  and  in* 
cat  no  alterations  result  in  the  lemniscus  lateralis  even  ite 
the  lapse  of  a  long  time. 

The  nucleus  coUiculi  inferioris  has,  unfortunately,  oot  ^ 
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Kadat  KU-ri  cacAltat  danaSt 


r(i.  SJ5. — A.  Si'unmiti  wilh  desctiiilmir  asuiifH.  thi-  pcrikaryonB  and  dendritt-s 
uf  vhich  BK  situati'il  in  iiuck-i  at  (hi-  cciitiul  U'dukIii*  pelhs.  B.  Oiitic-auiustic 
n-flci  piilhx.  ( AfU-r  H.  Udd,  Arrb.  f.  Aoat.  and  Physiol.,  Anat.  Abtb.,  18B3, 
S.  241,  Fig.  16.) 
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been  soffieientlj  studied  to 
fftatemenu  regarding  the 


Lemniscua  laitrmiim 

Fio.  566. — Semi-flchematic  drawing  illustrating  the  relations  of  the 
lateralis  to  the  corpora  quadrigemina.    (After  H.  Held,  Aitrh.  1 
Physiol.,  Anat.  Abth.,  Leipz.,  1803,  S.  228,  Fig.  10.) 


tribution  of  their  axones.     It  would  appear  that  there  are  « 
tained  in  it  both  inazones  (Golgi  cells  of  Type  I)  and  dendn 


>7. — Scheme  of  the  rourw  or  the  optic  and  acuutle  reflei  pMba  in  Uie 

-matiu  rctiriiUnH     i^fUrH   HpW   \n-h  f  Aimt.  u.  Physiol.,  Anat.  Abth., 

:.,  ISeS.  8.  SSa  Fik  II  I    ^''^l  ///  nULkUB  aerrioculo-tnoturii ;  Sii.f.l.m.. 

.ua  buw-'iciili  luntntudinalis  medialis  eeu  Diicleus  cammisaune  postcrioriB ; 

..  nucleus  ruber. 
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onee  (Golgi  cells  of  Type  II).  The  long  axoues  appare 
two  directioDB ;  the  majority  of  them  ascend,  paBsiiii 
through  the  brachium  quadrigeminum  inferiua  to  ) 
with  the  continuation  of  the  lateral  lemniscua,  to  tb 
geniculatum  mediale.  A  few  of  the  fibres  which  pass 
brachium  qoadrigeminum  inferios  leave  it  again,  ace 
von  Bechterew,*  to  decussate  in  the  roof  of  the  aq 
cerebri,  and  probably  to  terminate  in  the  nucleus  of 
site  inferior  coUicuius. 


Fla.  558. — Corpus  trnpf^nldciim.  with  adjarent  i  „    . 

Bide  of  the  hrain  of  the  rahhit ;  method  of  Qolj^.  CombiDed  picwn, 
H.  Hdd.  Arch.  t.  Anat.  u.  Phjreiol.,  Anat.  Abth.,  Ifipi.,  1893.  ttS.  i 
e.)  a,  cell  in  nucluua  iiliiiiris  snpcrior;  b,  cell  id  nut-leus  alinra* 
accc8goriiiB  medulis,  its  aionc  ftoing  through  the  peduncle  of  tlw  nrf 
to  Uie  nucleos  "S.  nbdueentiH ;  e,  aiones  of  eorpns  treprioideDn)  Icnu 
In  nucleus  eorporiB  tiapezoidei ;  t.t,  aiones  running  to  tenninite to » 
olivar;  complex. 

Held  found  that  another  portion  of  the  long  aionw  « 
from  cell  bodies  in  the  uncleua  of  the  inferior  collicnlui  dw 
and  pass  by  way  of  the  lateral  lemniscus  to  the  rarions  nn" 
the  auditory  path  situated  below  this  level.  That  tbm  i 
be  other  connections  of  the  inferior  colliculus  seems  ymiil 


n  Bechterew.    Op.  til.,  S.  114. 
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and  the  impression  is  gradually  gaining  ground  that  this  quad- 
rigeminal  body  is  of  the  highest  significance  for  the  setting  free 
of  reflexes  in  connection  with  auditory  stimuli.  It  appears  to 
stand  in  the  same  relation  to  the  auditory  conduction  path  as 
does  the  superior  coUiculus  to  the  visual  conduction  path. 

It  will  be  of  the  greatest  importance  in  the  future  to  deter- 
mine exactly  the  relation  of  the  inferior  coUiculus  to  the  most 
direct  acoustic  path  which  extends  from  the  ear  to  the  cortex. 
Do  the  auditory  fibres  carrying  impulses  concerned  in  sharp, 
clean-cut  visual  sensation  undergo  interruption  in  the  inferior 
coUiculus?  It  would  seem  to  me  probable,  in  analogy  with  the 
general  sensory  conduction  path  and  with  the  conduction  path 
for  visual  impulses,  that  the  coUiculus  inferior  is  not  a  way 
station  in  the  shortest  auditory  conduction  path  to  the  cortex. 
It  would  seem  much  more  likely  that,  for  the  auditory  conduc- 
tion path,  the  corpus  geniculatum  mediale  supplies  the  inter- 
ruption, thus  corresponding  to  the  ventro-lateral  group  of  nuclei 
of  the  thalamus  for  the  general  sensory  conduction  path,  and 
to  the  corpus  geniculatum  laterale  for  the  visual  conduction 
path. 

The  best  description  of  the  brachium  quadrigeminum  in- 
ferius,  since  the  articles  of  Meynert  and  Forel,  is  that  of  von 
Monakow.*  The  origin  and  termination  were  not  at  all  clear 
to  the  older  writers.  Even  Forel  was  satisfied  with  saying  that 
it  went,  along  with  the  lemniscus,  into  the  region  of  the  teg- 
mentum, while  Meynert  put  forward  the  hypothesis  that  from 
the  tegmental  region  there  pass  projection  fibres  to  the  cerebral 
cortex.  Von  Monakow  finds  only  the  indirect  form  of  atrophy  in 
the  brachium  quadrigeminum  inferius  after  experimental  lesion 
of  the  cerebral  hemisphere  in  the  dog  and  after  defect  in  the 
region  of  the  operculum  and  of  the  temporal  lobe  in  man  (his 
cases  "  Widmer  "  and  "  Seeger  ").  He  believes,  therefore,  that 
the  fibres  of  the  arm  of  the  inferior  coUiculus  do  not  extend 
directly  to  the  cerebral  cortex,  but  are  interrupted  in  the  dien- 
cephalon  (Fig.  559).  In  all  probability  this  interruption  occurs 
in  the  corpus  geniculatum  mediale. 


*  von  Monakow,  C.  Experiment^IIe  iind  pathologisch-anatoroische  Un- 
tersuchungen  ilber  die  Haubenregion,  den  SehhQgel  und  die  Regio  subtha- 
lamica  nebst  Beitrftgen  zur  Kenntniss  frilh  erworbener  Gross-  und  Klein- 
himdefecte.    Arch.  f.  Psychiat.,  Berl,  Bd.  xxvii  (1895),  S.  454. 
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The  topographical  relations  of  the  corpus  geniculatum  me- 
le  and  its  general  histological  characteristics  have  already  been 
cribed  {vide  supra).  When  the  lateral  lemniscus  has  been 
,  degenerated  fibres  can  be  traced  all  the  way  to  the  medial 
iculate  body,  but  the  cells  of  the  medial  geniculate  body  do 

atrophy  or  disappear.     On  removal  of  the  temporal  lobe  of 

cerebral  cortex,  however,  or  on  section  of  the  white  fibres 
sing  from  the  region  of  the  medial  geniculate  body  to  the 
3rnal  capsule,  the  corpus  geniculatum  mediale  degenerates  in 
'  (von  Monakow).*  Nissl  subdivides  the  corpus  geniculatum 
liale  in  the  rabbit  into  an  anterior  nucleus,  a  posterior 
ileus  containing  large  cells,  a  ventral  nucleus  closely  crowded 
h  cells,  a  dorsal  nucleus,  a  medial  nucleus,  and  a  posterior 
ileus.  Unfortunately,  thus  far  these  nuclei  ^ave  not  been 
roughly  studied  by  Golgi's  method.  It  seems  almost  cer- 
i,  however,  from  the  researches  of  von  Monakow,  that  a  large 
tion,  at  any  rate,  of  the  axones  arising  in  the  medial  genicu- 
!  body  run  through  the  retro-lentif  orm  portion  of  the  internal 
sule  to  terminate  in  the  cortex  of  the  gyrus  temporalis  supe- 
',  to  end,  he  believes,  by  free  terminal  ramifications  in  the 
p  layer  of  the  cortex.  Von  Monakow  holds  that  Golgi  cells 
^'ype  II  (dendraxones)  are  interposed  in  the  medial  geniculate 
y  between  the  terminals  of  the  auditory  conduction  fibres 
ling  from  below  and  the  neurones  which  send  their  axones 

to  the  cerebral  cortex.  The  bundle  of  white  fibres  issuing 
n  the  medial  geniculate  body  {8tiel  des  mediaUn  Knie- 
hers  of  the  Germans)  to  enter  the  internal  capsule  occupies 
ihe  retro-lentiforn;i  portion  of  the  capsule  the  region  just 
3rior  to  and  a  little  lateral  from  the  fibres  of  the  occipito- 
iamic  radiation.  It  and  the  brachium  quadrigeminum  infe- 
1  are  easily  demonstrable  in  sagittal  sections  of  the  develop- 
brain,  now  being  studied  by  Miss  Gertrude  Stein  (Fig.  560). 
The  path  followed  by  the  auditory  conduction  fibres  is  beau- 
illy  demonstrable  in  the  cerebral  hemisphere  by  the  method 
?lech8ig  in  the  brain  of  the  babe  shortly  after  birth,  although 

following  of  the  conduction  path  out  to  the  auditory  sense 
ft  in  the  cortex  is  rendered  somewhat  difficult  by  the  fact 
t  the  fibres  of  this  path  do  not  run  in  one  plane  in  the 
ona  radiata,  but  make  many  curves  owing  to  their  relation 

*  von  Monakow.     Op,  eit. 
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to  the  fossa  Sylvii.     The  axones  of  the  cells  of  the  nedkl 
geniculate  body  become  medullated  later  than  those  from  lk 


Fio.  580.— Sagittal  section  of  babe's  brain  shortly  aft«r  birth  (section  76).  4 ' 
ansa  lendcularis ;  C.i.,  capsula  interna;  F.Py.,  fasciculi  cerebnsjBBW 
(pyramidalcs) ;  L.m.,  lemniscus  medialis  terminating  in  ventral  pciriii»<^ 
thalamus;  Th.,  thalamus;  T.o.,  tractus  opticus;  /.  substantia  nifia: - 
nucleus  hyi>othalamicus  (corpus  Luysi) ;  S,  centre  mrdian  of  Lnys;  4.  nnel® 
arcuatus  (achalenformiger  Korper  of  Flechsig  and  von  Tschisch);  5.  nocfce 
lentiformis ;  6,  corpus  gcuiculatum  mediate  and  beneath  it  the  fibres  ef  tk 
brachium  quadrigeminum  inferius. 

lateral  geniculate  body,  but  earlier,  according  to  Flechsig,  tha 
any  of  the  other  fibres  of  the  region  in  which  they  are  sitmitei 
Flechsig*  has  been  able  to  follow  the  path  satisf actorilj iif 
means  of  horizontal  and  sagittal  serial  sections.  He  says:  *" TV 
fibre  bundles  of  the  brachium  quadrigeminum  inferius, in  vbidi 
are  represented  without  doubt  the  continuations  of  the  oodJff 
nerves,  partly  become  lost  in  the  medial  geniculate  body  vbff^ 
the  fibres  break  up,  partly  go  past  this,  but  close  by  it.  Witi 
the  latter  are  associated  the  fibres  which  arise  in  the  me^ 
geniculate  body,  and  the  two  sets  of  fibres  go  together  belari 
and  beneath  the  thalamus  to  the  internal  capsule,  pass  ta^ 
versely  through  the  same,  and  then  go  in  two  separate  bnudte 
to  the  transverse  gyri  of  the  temporal  lobe.  The  one  bnn& 
ascends  near  the  external  capsule  and  arrives  from  behind  sb^ 
above  into  the  auditory  sense  area.  The  second  nmaforsa"' 
distance  along  with  the  occipito-thalamic  radiations  anda8c«a^ 

*  Flechsig,  P.    Gkhirn  und  Seele,  IL  Ausgabe,  Leipzig  (1896)t  Abb*  ^ 

S.  74. 
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Pio.  561. — Sagittal  section  through  the  brain  of  a  babe  at  the  end  of  the  second 
month  of  life.  The  auditory  sense  area  of  the  cortex  extends  as  far  as  x . 
(After  P.  Flechsig,  Gehirn  und  Seele,  II.  Aufl.,  Leipz.,  1896,  Taf.  iii,  Fig.  5.) 


Ici.  562. — Frontal  section  through  the  cerebral  hemispheres  of  a  child  font 
months  and  a  half  old.  Weigert  preparation  by  W.  Reimers.  (After  W.  von 
B(^chtercw,  Die  Leitungsbahuen  im  Gehirn  und  Biickenmark.  Deutech  von 
B.  Weinberg,  II.  Aufl.,  Leipz.,  1899,  S.  591,  Fig.  563.)  cAm^  hippocampus 
(comu  ammtmis) ;  ce,  nucleus  caudatus ;  d,  capsula  interna ;  erf,  cms  for- 
nicis ;  ce,  capsula  externa ;  /n,  fornix ;  /K,  pedunculus  thalami  inferior ;  ft, 
acoustic  path  to  the  cortex  entering  into  the  gyrus  temporalis  superior ;  ftp, 
corona  radiata  thalami  (pars  parietalis) ;  fp]^,  fasciculus  gyri  fomicati ;  fsc, 
fasciculus  subcalloHUs ;  gp,  globus  pallidus ; »,  insula  ;  navny  nucleus  amygdalse ; 
ot,  bundle  of  fibres  from  hippocampus  to  thalamus ;  p,  fasciculi  cerebro-spinales 
(pyramidales) ;  pt,  putamen  ;  th,  thalamus;  tro,  tractus  opticus. 


878 


THB  NERVOUS  SYSTEM. 


fc 


a. 


k 


P 


n 


M 


i. 


i 


J 


i 


Jii 


Fig.  663.— Nerve  cells 
in  the  cortex  of  the 
gyros  temporalis  su- 

gjrior.  (After  C. 
ammarberg,  Stu> 
dier  ofver  Idiotens 
klinik  och  Patologi, 
etc.,  Upaala,  1883, 
Taf.  ii,  Fig.  2.) 


passing  around  the  fossa  Sylyii  fn 
and  below  into  the  temporal  1< 
close  by  the  second  and  third  tern] 
to  reach  the  transverse  temporal  g] 
561  and  562). 

The  exact  extent  of  the  regi 
cerebral  cortex  in  which  the  audi 
terminate  is  not  precisely  settled,  h 
ing  to  Flechsig,  corresponds  tc 
transverse  gyri  of  the  temporal  lot 
larly  the  anterior),  and  that  port 
gyrus  temporalis  superior  inime< 
jacent,  namely,  the  third  and  f< 
reckoned  from  its  anterior  extrem 

The  cortex  of  the  auditory  seni 
a  special  structure  in  that  the  i 
layers  is  here  larger  than  in  any 
of  the  cortex  except  in  the  visual 
(Flechsig).*  Six  layers  are  to  be 
among  them  some  so  rich  in  medul 
zontal  fibres  that,  at  least  in  ma 
the  auditory  sense  area  can  be  sf 
sess  a  Vicq  d'Azyr  stripe  similar  i 
the  visual  sense  area.  Certain  pe< 
forms  with  cylindrically  shaped  b 
numerous  large  pyramidal  cells  I; 
described.  Giant  pyramidal  cells  » 
absent.  I  know  of  no  illustratioi 
corresponding  to  the  auditory  se: 
but  the  accompanying  picture,  tai 
Hammarberg,  shows  the  structure  oJ 
tex  in  the  gyrus  temporalis  superi 
close  to  the  auditory  sense  area  (F 
In  this  region,  according  to  Flecl 
gins  the  temporal  cerebro-corticopon 
(cf.  Chapter  LXIV).  In  addition 
centripetal  and  centrifugal  projecti 
rones  associated  with  the  auditory  sej 
there  are  present  in  it  a  number  of 

*  Flechsig,  P.    Gehim  and  Seele,  hafB 
S.  76. 
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tion  Denron<es.  some  with  short  mxones*  going'  to 
cortex  immeduitelT  sdjaoent,  others  with  loii^ 


Fio.  MB.— 8cheme  of  neurones  superimposed  to  form  the  auditory  coodurt** 
path.    Lettering  the  same  as  in  Plate  11,  Fig.  1,  at  end  of  volame. 

ing  the  acoustic  sense  area  with  more  distant  regions  of  the  an? 
hemisphere  and  (through  the  corpus  callosum)  with  the  oppo- 
site hemisphere.     Of  these  long  association  fibres,  one  han^- 
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the  Bo-called  fascicnluB  longitudinalie  inferior,  is  stated  to  con- 
nect the  auditory  sense  area  with  the  occipital  lobe  of  the  same 
side,  while  a  portion  of  the  fasciculus  arcuatus  (fasciculus  longi- 
tudinals superior)  connects  it  with  the  Island  and  with  the 
gyrus  frontalis  inferior.  In  these  bundles  of  association  fibres 
are  axones  running  in  both  directions.  In  the  auditory  sense 
area  in  all  probability  terminate  the  axones  from  numerous 
association  neurones,  the  cell  bodies  of  which  are  situated  in 
various  portions  of  the  cerebral  cortex,  but  a  vast  deal  of  re- 
search will  be  required  before  very  definite  statements  concern- 
ing these  can  be  made. 

O.cp 
G.c-a.    I      ^^R- 


Fia.  B«fl.— Scheme  of : 


The  auditory  sense  area  on  the  left  side  has  been  proved  to 
be  of  especial  importance  in  connection  with  the  functions  of 
speech.  It  is,  in  fact,  identical  with  the  "centre  for  the 
Bonnds  of  words  "  which  are  so  necessary  for  the  development 
of  the  BOKialled  "  internal  speech."  Lesion  of  this  region  on 
the  left  side  leads  to  "  word  deafness."  This  centre  is  related 
to  the  other  speech  centres  by  means  of  association  fibres. 
Present  ideas  concerning  these  relations  are  schematically  repre- 
sented in  the  diagram  taken  from  von  Monakow  (Fig.  564). 


quadrigemina.  A  farther  commissure  in  the  auditor} 
which  little  attention  has  been  paid  is  to  be  found  in ' 
missura  inferior  Guddeni.  All  the  evidence  goes  to  si 
this  commissure  connects  the  medial  geniculate  bodies  oi 
sides,  and,  as  we  have  seen,  the  medial  geniculate  body 
side  represents  a  most  important  way  station  in  the  con 
path  from  the  internal  ear  to  the  cerebral  cortex.  I  she 
be  surprised,  therefore,  if  the  commissura  inferior  Gnddt 
of  the  highest  significance  as  an  auditory  commissure. 

In  the  diagrams.  Figs.  565  and  566,  the  principal 
of  neurones  in  the  auditory  conduction  path  are  schemi 
represented. 
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H'eurones  Connecting  the  Central  Nervous  System 
with  the  Voluntary  Muscles  of  the  Body.  (Lower 
Motor  Neurones,  or  Peripheral  Centriftigal  Neu- 
rones.) 


CHAPTER  LV. 

THE  LOWER   MOTOR   NEURONES. 

€teneral  description — ^Those  pertaining  to  the  spinal  cord — Perikaryons  of 
the  ventral  horn — The  "  middle  cells  " — The  ventral  roots  of  the  spinal 
nerves — Motor  nerve-endings  in  muscle — Physiological  studies — Locali- 
zation of  motor  function  in  the  segments  of  the  spinal  cord — Starr's 
table — Researches  of  Sano,  Bemheimer,  and  Schwabe — Columna  me- 
dialis — Columna  intermedio-lateralis — Columna  extremitatis  superioris 
— Columna  extremitatis  inferioris. 

The  neurones  next  to  be  considered  are  those  which  bring  the 
voluntary  muscles  of  the  body  under  the  influence  of  the  nerve 
centres.  Between  the  nerve  centres  and  the  voluntary  muscles 
one  set  of  neurones — the  lower  motor  neurones — exist,  just  as  we 
have  seen  that  for  the  connection  between  peripheral  sensory  sur- 
faces and  the  nerve  centres  one  set  of  neurones  suffice. 

The  cell  bodies  and  dendrites  of  the  lower  motor  neurones 
are  all  situated  within  the  central  nervous  system,  so  that  the  dis- 
tance between  the  central  nervous  system  and  the  voluntary  mus- 
cles is  traversed  by  the  medullated  axones  of  these  neurones. 
These  axones  make  their  exit  from  the  nerve  centres  always  (with 
the  exception  of  those  of  the  nervus  trochlearis,  vide  infra) 
from  the  ventral  or  lateral  surface  of  the  cerebro-spinal  axis.  The 
bundles  of  medullated  axones  make  up  the  ventral  roots  of  the 
spinal  nerves  and  the  motor  portions  of  the  cerebral  nerves. 

The  lower  motor  neurones  are  situated  in  the  parts  of  the 
cerebro-spinal  axis  below  the  diencephalon — that  is,  iu  the  mesen- 
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In  tiff:  ifiAtad  ^icri  isnt  e«il  aori^s.  n:  hue  gjsaieiailr  mm. 
U^>srh%  af«;  arr»ri^<d  ia  ti^r  vetmL  jsui  '^^«w»(  miinnns  of  ^ 
m^t,f,^  stUfTti:  *fr  le»  ife^gm^T^tikllj  * — cnos  » tsi  aiy^  Tti^itiFTTsiitTTOu  ^^ 
t^//T),^  ihr/a^h  x}t€  er>r4  «1ki>v  uutt  u&e  ««ij»  arat  one  ^venlv  lOSiaK 

(l^;k^rr,f  JvrhwaJ^^,*  and  otiieTs).  True  ETSwasare^  of  am  strac 
h^  l/f;^ti  eoilected  and  analyzed  bj  Ldrieri^a.*  Tbii  oigu  hidb- 
^/^  ^/f  moUjf  celln  irariea  moch  in  different  fer^an&  of  dui  ass. 
Thi^  ftre  fnrMt  nonieroafl  in  the  oerrical  acd  IsaLbsr  cnims^ 
ifiirnU,  ('jfrreniPfmAing  to  the  innerratioa  of  che  ^ascies  ^  ta^ 
tftiremiiien^  \etmt  numerous  in  the  thoncic  oocd  wfmce  the  oo- 
pamiirelj  uniall  bulk  of  trunk  muaeles  reoeiTes  its  nerf?  iiisp^ 
In  addition  to  the  longitudinal  grouping,  in  croas  aectioD also  car 
ci;)lii  nbow  an  arrangement  in  definite  grcnipa^  as  G^ia^  to 
(K;inti'd  out  (vide  infra).  Waldejenf  in  his  dmbormte  jtadrflf 
the  spinal  cord  of  the  gorilla,  divided  the  Tentrmi  bom  ce&  iatv 
ft  medial  ventral  and  a  lateral  dorsal  gronp,  a  claaeificatioc  tgmd 
to  by  KaiMi'r^  in  his  very  thorough  study  of  the  cervical  cmd. 


*  It  is  to  tie  not4*(l  that  one  tme  embrrolc^cal  nearonaef^  pnJtmhtrcct- 
rtm\ttmt\n  to  iiovorttl  of  the  negmenta  or  segmental  groups  of  ncrre  eelJs  vbiei 
the  hlHtologlntH  hftTO  described. 

f  Sc* hie  border  kcr. !'.  Beitrfige  zur  Kenntnias  des  FasenrerUafe  in  Bie^- 
ptimiirk.    An*h.  f.  mikr.  Anat.,  Bonn,  6d.  z  (1874),  S.  471^94. 

X  Scthwalbe,  0.    Ijohrbuch  der  Neurologie,  8vo,  Erlangpn  (1881).  S^.  381 

*  M)doritx,  C.  Ucbcr  das  Rackenmarksegment.  Arch.  1  AmI.  >- 
PhyNiol.,  Anat.  Abth..  Loipz.  (1881). 

I  Waldoyer,  W.  Das  Oorilla-RQckenmark.  Abhandl.  d.  kgL  Akai^ 
WiwcnM*h.  zu  Berlin,  aus  dem  Jahre  1888,  Berl.  (1889),  S.  91. 

^  Kiiim^r,  O.  Pie  Funktionen  der  Ganglienzellen  des  Halsmarkes.  6^ 
krOntc  I'rviMuhrift,  Ilaag,  Mart.  Nijhoff  (1891),  p.  71. 
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The  arrangement  of  the  motor  cell  groups  in  human  beings 
has  been  carefully  studied  by  von  Lenhossek  in  the  cord  of  a 
healthy  young  man.  *  Inasmuch  as  the  application  of  Golgi's 
method  has  convinced  von  Lenhossek  that  the  cells  situated  most 
medially  and  ventrally  in  the  ventral  horns  send  all  their 
axones  not  into  the  ventral  roots  of  the  spinal  nerves,  but 
through  the  ventral  commissure  to  the  other  side  of  the  cord, 
this  investigator  excludes  these  from  the  motor  cell  groups,  desig- 
nating them  the  commissural  group  (Fig.  567).  f  In  the  ventral 
horn,  as  far  as  the  third  cervical  nerve,  von  Lenhossek  makes 
out  only  a  single  small  longitudinal,  rather  narrow  group  of 
ventral  horn  cells,  separated  from  the  group  of  commissural  cells 
by  a  narrow  space  free  from  nerve  cells.  From  the  fourth  cer- 
vical nerve  to  the  beginning  of  the  cervical  enlargement  this  in- 
terspace becomes  much  broader,  and,  in  addition,  the  motor-cell 
group  becomes  divided  into  two  well-separated  cell  nests — a 
ventral  group  more  medially  placed,  and  a  dorsal  group  more 
laterally  placed.  The  interspace  between  these  groups  is  charac- 
terized not  only  by  the  absence  of  motor  cells,  but  also  by  the 
presence  of  large  numbers  of  fine  nerve  fibres  which  run  in  be- 
tween the  groups. 

In  the  region  of  the  cervical  enlargement  (from  the  level  of 
the  fourth  to  that  of  the  seventh  cervical  nerve)  von  Lenhossek 
finds  a  progressive  though  gradual  increase  in  the  number  of  nerve 
cells  in  both  motor  groups,  so  that  the  motor  area  here  is  rela- 
tively large.  The  increase  takes  place,  however,  mainly  in  the 
dorso-lateral  group,  which  now  exceeds  very  markedly  in  size  the 
ventro-medial  group.  In  places  the  dorso-lateral  group  shows  a 
division  into  two  compartments.  At  this  level  the  medial  group 
is  separated  from  the  group  of  commissural  cells  by  a  broad  field, 
which  corresponds  to  a  distinct  indentation  in  the  ventral  mar- 
gin of  the  ventral  horn.     A  similar  indentation  of  this  margin 


♦  von  Ijenhossek.     Op.  ct'L,  S.  321. 

+  This  is  the  group  of  cells  which  in  the  bibliography  is  frequently  re- 
ferred to  as  the  "  medial  anterior  group  of  anterior  horn  cells."  They  have 
been  so  described  by  Kaiser  as  an  uninterrupted  column  running  almost  the 
whole  length  of  the  cord,  supplying,  he  believed,  the  long  muscles  of  the 
back.  According  to  von  Lenhossek,  their  axones  are  in  part  short,  termi- 
nating in  the  gray  matter  of  the  opposite  ventral  horn,  in  part  longer,  run- 
ning out  into  the  white  matter  of  the  opposite  side  of  the  cord— hete- 
romeric  neurones  in  the  sense  of  van  Gehuchten. 
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exists  between  the  dorso-lateral  and  Tentro-medi&l  groap  li 
motor  cells.  The  size  of  the  ventral  horns  rapidly  dimislAti 
between  the  level  of  the  eighth  cervical  and  that  of  the  fint  (!» 
racio  nerve,  and  the  relations  in  the  lower  part  of  this  regioo  cw- 


[Q.  306.  —Scheme  of  the  Etructure  of  tbe  H[nnfi1  cord  ;  nerre  nib  ibon  ii  ^ 
left  half  of  the  cord ;  colUtenU  shown  in  the  right  hklf  irf'  tbe  nnd    U" 

M.  von  LenhuBsf  k.  Der  feincre  Bau  dei  NenrenayHttms,  etc.,  a.  Anl.  ^• 
ISBS,  Titt.  vi.  I  Len  half  of  the  cord,  blacic  cells  arv  motor;  s6t  titils  " 
Been  ariBiiig  from  their  axunefl ;  red  cclU  are  tautomeric  ueuronfs,  Uiru"" 
goini!  to  the  ventral  and  lateral  funiculi.     AiDon|;  thew  are  tbr  <tI)^  a  >^ 

nucleus  dormlis  and  some  cells  in  the  Buhetaiitia   selatir '  o.i^ 

cullaterals  are  cumiog  off  from  the  azotieE.  Violet  cclIsBn- 1 
or  heteromeric  neurones;  one  is  seen  (tending  its  aione  int«  the  ( 
«t&nce  of  tbe  other  dde ;  the  otherH  send  their  axoacs  into  the  <rhji 
of  the  oppneite  side.  The  green  cellH  send  their  ainnes  to  the  donal 
in  blue  is  seen  representeda  Qiilgi  cell  of  Type  II,  ur  dendniow. 
Tight  half  of  the  cord  the  block  celhi  represent  the  cell  bodiea  of  pHip^ 
Bensory  neurones  situated  in  the  ganglion  spiiiate :  tlieir  eentnl  pnwv 
tjuns  are  shown  entering  the  spinal  cord  aa  dorsal-miit  Sbres.  whirli  nfuat 
and  send  collaterals  to  temiinal*  in  TariouB  partu  of  the  sute  ''"  "^ 
Thus  the  reflex  eullatends  are  seen  going  to  the  ventnl  hor 
laterals  enter  the  nucleus  domalU ;  Mime  pass  thnnigh  tbe  don*.  —^ 
to  the  dorsal  horn  of  the  opposite  side.  The  ml  culUleiali  mSK  fr*  * 
.  while  fibres  in  the  ventral  and  lateral  funiculi ;  the  lilac  rallalrnb 
to  the  ainncB  of  heteromeric  neurones;  the  hrown  collater&b  and  tn 
represent  fibres  from  the  fiwclculi  eerebroHpinales  or  pyramidal  Wrt  - 
fawieulus  cerebrospinal  is  ventrslis:  £,  fkerieulus  ventralu  prupriM:t>*^ 
ulus  ventrolateralis  Oowersi :  i,  fasciculus  ce rebel loepiDalia:  5,  toia" 
cerehroniinaliH  lateralis ;  fi,  fasciculus  lateralis  propriiu:  7.  ftmirolv'^^ 
£.t>.,  radix  ventralisi  S.d,,  isdizdonalia;  0.«.,  gaaglk 
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respond  to  those  described  by  von  Lenhossek  in  the  upper  part  of 
the  cervical  region — that  is,  the  motor  cells  are  represented  by  a 
small  single  longitudinal  mass,  separated  from  the  commissural 
cells  by  a  narrow  stripe  free  from  nerve  cells.  In  the  upper  two 
thirds  of  the  thoracic  cord  the  group  of  motor  cells  is  no  longer 
separated  from  that  of  the  commissural  cells ;  both  sets  of  cells 
are  reduced  in  numbers,  and  the  two  together  make  up  the  nar- 
row longitudinal  column  of  nerve  cells  in  the  small  thoracic  ven- 
tral horn,  the  medial  cells  being  commissural,  the  more  lateral 
ones  motor  root  cells. 

From  the  level  of  the  ninth  thoracic  nerve  on,  von  Lenhossek 
describes  again  a  progressive  change  in  the  appearances.    The 
motor  cells  become  gradually  separated  from  the  commissural 
cells,  so  that  beginning  from  the  level  of  the  first  lumbar  nerve 
there  is  seen  a  very  broad  interspace  between  the  two  groups  of 
cells,  broader  indeed  than  in  any  other  region  of  the  spinal  cord. 
The  motor  cells  increase  here  enormously  in  numbers,  until  the 
level  of  the  first  sacral   segment  has  been  reached,  where   the 
motor  cells  are  so  numerous  as  to  cause  the  ventral  horn  to  pro- 
^    ject  as  a  broad,  plump  hemisphere.    Very  soon  within  the  motor 
group  two  subdivisions,  as  in  the  cervical  cord,  can  be  made  out 
— a  ventro-medial  and  a  dorso-lateral  group.     In  addition,  from 
the  level  of  the  fourth  lumbar  segment  on,  a  third,  or  central 
=    cell  group,  corresponding  about  to  the  middle  point  of  the  ventral 
horn,  is  distinguishable.     This  group  is  most  distinct  at  the  level 
of  the  first  and  second  sacral  segments.     Lower  down  the  charac- 
teristic grouping  gradually  vanishes,  the  first  to  disappear  being 
the  central  group.     Soon  a  division  into  dorso-lateral  and  ventre- 
itiedial  ceases  to  be  visible,  and  again  the  motor  cells  become 
United  into  a  single  cell  column  which  gradually  diminishes  in 
extent.    The  reduction,  however,  does   not  express  itself,  von 
lL«enbo8S^k  states,  as  in  the  thoracic  cord,  by  thinning  and  sharp- 
ening of  the  whole  ventral  horn,  but  the  ventral  horn  remains 
{>Iunip  as  far  as  its  lower  extremity,  the  cells  gradually  becoming 
I^ss  numerous.* 

*  Oolgi  has  always  combated  the  view  of  a  definite  localization  of  the 
xx^otor  cells  in  groups  in  the  gray  matter.  I  quote  from  his  Sulle  fina  ana- 
^^«=»mia  degli  organ!  centrali  del  systeraa  nervoso,  Editore  U.  Hoepli,  Milano, 
3.  S85,  p.  213 :  "  As  regards  the  distribution  of  the  motor  cells  in  the  gray 
ibstance  of  the  spinal  cord,  I  must  here  remark  that  it  is  a  mistake  to  try 
establish  the  seat  of  these  as  the  chief  characteristic  for  a  judgment  re- 
58 
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Argatinskj  *  hns  recently  taken  up  the  subject  in  Wj 
laboratory.    He  concludes  that  in  the  colomns  of  motovcdei 
in  the  naclens  dorealis  there  is  no  distinct  membaiaeBtdfj 
sort     For  the  ^  middle  cells'*  (Mitt^zeaeHsdmleu)  and  tk 
of  the  lateral  horns  he  finds  an  extraordinarilj  tsliarp 
into  groups  (Fig.  568),  hot  emphasizes  the  fact  that  thnski 
one  has  proved  the  existence  of  a  true  segmental  arrangcBesi 
the  cells  in  any  of  the  gray  columns  of  the  cord. 

The  cell  bodies  of  the  largest  motor  cells  form  the  most  pi«| 
inent  elements  in  the  spinal  cord.  There  are  among  the 
cells,  however,  smaller  forms  the  axones  of  which  nndontel 
enter  into  the  formation  of  the  ventral  roota  of  the  spinal  ne^ 
The  differences  in  calibre  of  the  ventral  root  fibres  harekE 
been  recognized.  The  coarser  fibres  are  mednllated  eariiff  tk 
are  the  finer  (von  Bechterew).  According  to  Gaakell  and  1«^ 
the  coarse  fibres  are  destined  for  the  voluntary  muscles,  the  sa 
fibres  for  involnntary  muscles,  by  way  of  the  sympathetic  sts^{ 
The  structure  of  the  axone  hillock  is  shown  in  Fig.  570. 

The  internal  structure  of  the  motor  ventral  horn  ceUf^l 
been  already  described  (Section  III).  It  will  be  recalled  tkj 
they  are  typical  multipolar  sticbochrome  cells  in  the  sens  <^  I 
Nissl  (Fig.  569).    The  dendrites  arising  from  all  parts  of  ^ 


Gl 


ri- 


gardlDg  their  function.  The  cells  situated  in  the  ventral  coIuninsiR.it> 
true,  predominantly  motor  in  nature,  because  the  greatest  number  of  i^ 
send  their  functional  process  into  the  ventral  roots.  HoweTer.  just  tf  « 
can  not  say,  without  reservation,  that  all  the  cells  of  the  ventral  ooJiff» 
enter  into  relation  with  the  corresponding  nerve  roots,  so  it  is  also  nrt  tm 
that  it  is  not  exclusively  the  cells  which  belong  more  or  less  strictly  to  * 
ventral  horns  which  become  connected  with  the  ventral  roots. 

"  I  am  certain  that  the  cells  which  send  their  axis-cylinder  processeirt 
into  the  (motor)  ventral  roots  can  be  met  with  in  every  part  of  Ihegimys^ 
stance:  (1)  in  the  ventral  horns  where  they  are  certainly  predoittiaaDt:<^ 
in  the  zone  of  gray  substance  which  I  have  named  the  *  intermediate  wai 
and  which,  lying  in  the  region  limited  by  the  lateral  columns  of  whites* 
ter  and  the  central  canal,  forms  a  zone  intermediate  between  the  vwtt*! 
columnsand  the  dorsal  columns  of  the  cord:  (3)  in  the  dorsal  horns  vii^ 
the  exception  of  the  dorsal  border^that  is,  the  border  which  forms  tbe 
called  gelatinous  substance  of  Rolando.  In  this  latter,  up  to  the  pres 
time,  only  cells  have  been  found  the  axones  of  which  branch  in  an  extit94 
complicated  way." 

♦  Argutinsky,  P.  Ueber  eine  regelmSssige  Gliedening  in  der  gmMO  ^ 
stanz  des  RQckenmarks  beim  Neugeborenen  und  fiber  die  Mittelsefira 
Arch.  f.  mikr.  Anat.,  Bonn,  Bd.  xlviii  (1897),  a  496-523. 
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kell  spread  out  into  various  regions  of  the  cord,  so  that  the  possi- 
bilities of  contact  relation  are  very  great.    Ilam6n  y  Cajal  divides 
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<}  568, — Groups  of  middle  cells  in  a  frontal  longitudinal  section  through  the 
thoracic  spinal  cord  of  newborn  babe.  (After  P.  Argutinsky,  Arch.  f.  mikr. 
Anat.,  Bonn,  Bd.  xlviii,  1S97,  Taf.  xxii.  Fig.  2. )  m,  funiculus  b&teralis ;  H.cb,^ 
horizontal  cerebellar  bundles  of  Flechsig. 
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tae  dendriUA  inio  three  leU:  U)  a  ■"^•*'  £T«ap  vck:  n^ 
toirxrd  the  ventnl  commianm  in  aooie  »nhit*h  ficffniTij  t:: 
thfjee  of  the  opposite  sde,  to  »  to  ^*e  rue  to  a  de&iiiat  -  mu- 
plamiic  comiDiaeaFe''(Fi^.  571);  (^)  ftdonai  sel  miuiiszuax: 
the  dorsftl  bom ;  (3)  ft  Utenl  aet  mnning  oac  tovsd  aad  zi 
the  Istenl  fonicuiud.  in  aome  »niiTi»h  nscfamg  ihe  ^c&b  <J 


Fio.  SOB.—VntaT  nerw  cell  from  reiitnl  horn  of  fcny  msttrT  of  rpinil  i**  ^ 
rahhit.  (After  Sinsl.l  Of  the  three  lower  prw^aefs,  the  middle  i«r  rl^ 
•en til  the  none.  All  the  other  proceaw*  ire  dendriww.  The  mw^iiB*!* 
cells  and  of  the  maesefl  of  rtainahle  sabetsnce  appear  luo  sharp  i"  t^  "^ 
ductinn.  At  the  angle  of  the  division  of  Ihe  large  dendrileattbe  Irflap"* 
anvleof  the  cell  is  shown  one  of  Ihc  '  wedges  of  dirlsiini"  (r.i-.-i^' 
kn/fln  1.  The  spindle^hsped  Xiss!  bodies  are  well  shown,  pspertall;  i*  * 
dendrites.  This  cell  is  classed  by  >'i»l  as  a  stichochrome  nerr*  cell  ii* 
apy  knomorph  »iui  eon  d  i  t  i  on . 

the  cord  in  large  numbers  so  as  to  make  a  enb-pUl  pXeias  d 
dendrites.    The  large  azone  arising  at  the  axone  hillock  plnue 
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usually  by  the  Bbortest  route,  Bometimes,  however,  by  a  devious 
course,  into  the  Dearest  ventral  root  of  a  spinal  nerve,  leaving 
the  spinal  cord  at  the  ventro- lateral  sulcus.     The  myelin  sheath 


570  \  ntral  horn  c«  from  the  umbtir  ord  of  th  ox  shuw  ntc  axnne 
h  Inrb  \f  H  d  Arch  f  Anat  Phj^  u  tnat  Ab  h  1897  Tn(  I 
F  E  0  Trca  n  at  n  th  amraon  urn  b  hmniB  «  n  1000  PKnift)  sec  un 
1  5  m  ron  Ih  k  Sla  n  nu  vr  h  enftb  h  n  nnd  m  h;  pn  b  uo  The 
grouod  substau  e  is  mark  -d  y  "a  uo  zed     The  ueurosomea  are  de*.olonz«d 


a   871     Trangverm"  bp  tion     f    h    sp  na     ord  of  Lai^rta  Agi  >8      Afte    S 
Ruiii6ii  y  C^al    Lett  no  b    d  ■<«  Azoulay   Pans.  1894   p  27   F  g  7 

A     e  Is  of    en  m   hom't,   he  d  ndntes  of  wh    h  h  1p   o  nutke  up  a  ventml 

ire  £  dendntu  uf 
'  and  fonuinRa  pen- 
r,  especially  over  tbe 
ruiiK-uius  jaurnLiH.  wnere  iQejte  aennnieH  C4inie  imo  cnnt4Lct  rehklion  with  tbe 
collatcraU  and  poaeibly  of  terminnls  of  the  aioni«  of  tlie  white  matter ;  Q, 
radii  docsalis  ;  8,  rollateiul  from  durwl  ruot  fibre  ;  ri,  Blunts. 


tenimen  neurones  D  dorm  p  ot<  plasm  on  n 
ventral  horn  eellB  eiteniling  far  out  inio  white  nis 
medullary  pleius  [F)  aitiiatod  beneath  the  pia  n 
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does  not  begin  until  the  axons  has  passed  for  a  short  disUnx 
from  the  cell.  From  the  non-medullated  portion  of  the  uose 
there  arise  constantly  in  human  beings,  inconstantly  in  noay 
animals,  from  one  to  four  delicate  branches,  the  ^^sidefibrib' 
of  Golgi.  These  are  always  non-medullated  and  run  back  tovvd 
the  cell  bodies  which  give  rise  to  the  corresponding  axoacL 
Several  have  thought  that  they  come  into  contact  with  the  ceH 
body  just  as  do  the  side  fibrils  from  the  spinal  ganglion  cdk 
which  Huber  has  described.*  Others,  however,  believe  that  it 
rutining  back  they  come  in  contact  rather  with  the  terminals  <if 
sensory  collaterals  of  the  dorsal  root  fibres.  This  view  has  adredj 
been  mentioned  in  the  discussion  regarding  the  possible  celb- 
lipetal  conduction  by  the  side  fibrils  (Section  V). 

The  ventral  roots  of  the  spinal  nerves  contain  the  motor 
fibres  of  the  peripheral  nerves.  They  are,  in  actuality,  nothiBf 
more  than  the  medullated  axones  of  the  motor  cells  of  the  tea- 
tral  horns.  A  number  of  fibres  from  each  ventral  root  pass  bj 
means  of  the  rami  communicantes  into  the  sympathetic  tnuiL^ 
In  the  spinal  cord  on  each  side  there  are  thirty-one  of  these  vcb- 
tral  motor  roots — eight  cervical,  twelve  thoracic,  five  lumbirjw 
sacral,  and  one  coccygeal  (Fig.  57:^).  The  nerve  roots  do  mi 
everywhere  correspond  to  the  vertebrae.  The  exact  relationi<^ 
the  various  roots  to  the  spinous  processes  of  the  vertebne  !•* 
clear  in  the  table  prepared  by  Ileid.|  It  would  be  a  mistaie  tn 
assume  that  each  ventral  root  corresponds  to  a  definite  penpbeni 
nerve,  for  this  is  not  the  case.     It  has  been  proved  (videinfn) 


♦  Held  (1897)  has  suggested  that  these  recurrent  **autoo€lIaUr"f«?ii^- 
erals  of  the  lower  motor  neurones  may  represent  an  important  iD6cii«DB»a 
connection  with  the  so-called  muscle  sense. 

f  The  axones  of  ventral  horn  cells  which  pass  through  the  nm  «*  f  4 
municantes  in  order  to  terminate  by  free  end-arborizations  about  tli^  «^ 
of  the  various  sympathetic  ganglia  are  believed  to  be  motor  and  «fl^  ff  j^*; 
in  their  function.  The  secreting  glands  and  the  smooth  musfleo/^  f  p. 
blood-vessels,  and  of  the  viscera  generally,  are  innervated  bymo*^  I  j.^^ 
sympathetic  axones.  The  exact  relations  here  have  yet  to  be  (Jetfnaifl^  ^  ^,. 
Certain  it  is  that  the  complicated  local  mechanisms  of  which  tht  sri?'  ^ 
thetic  system  is  the  seat  are,  to  some  extent  at  least,  brought  under  the  tf^-^  I  y^_^ 
ence  of  the  neurones  of  the  cerebrospinal  system.    The  motor  ^err^«KB^  |   '^,  ^ 


3 


Mi, 


in  smooth  muscle  have  been  carefully  studied  by  Berkley.    Tbewu'^**'   ■   ^^^_^^^ 

the  cardiac  ganglia  of  the  sympathetic  are  subordinated  to  centnM*  I  ,*^*i,> 

pulses  from  the  medulla  oblongata.  I  J*tti^^ 

X  J.  Anat.  and  Physiol.,  vol.  xxiii  (1889).  I  ^ 
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that  each  peripheral  motor  nerve,  especial- 
ly those  going  to  the  eitremiiiee,  receives 
fibres  from  a  whole  eeries  of  different  ven- 
tral roots,  the  opportunity  for  anch  dis- 
tribution being  afforded  by  the  different 
nerve  plexuses  (cervical,  lumbar,  sacral), 
and  also  by  the  large  nerve  trunks  them- 
aelves,  which,  it  seems,  are  to  be  looked 
upon  as  a  kind  of  nerve  plexus.  It  would 
seem  unnecessary  to  repeat  here  what  has 
already  been  discussed  at  some  length  in 
Chapters  XVII  and  XVIII.  The  remarks 
made  there  with  regard  to  the  neurotome 
and  its  relation  to  the  myotome,  and  the 
distribution  of  the  fibres  in  the  mixed 
nerve  stem  formed  by  the  union  of  the 
ventral  and  dorsal  roots,  are  just  as  ap- 
plicable here  as  there,  and  can  be  referred 


The  motor  axones  of  the  peripheral 
neurones  may  divide  several  times  on  their 
way  to  the  voluntary  muscles,  ao  that  one 
neurone  is  capable  of  innervating  a  con- 
siderable number  of  striped  muscle  fibres. 
Arrived  at  the  muscle  in  which  they  ter- 
minate, the  bundle  of  nerve  fibres  breaks 
up  in  the  perimysium,  forming  in  it  a 
plexus  (Fig,  573).     The  individual  nerve 


FlQ.  S72.— Spinal  cord  in  tonntttioti  above  with 
the  Diedulla  obloHKBta  and  punH.  (.\fUT  A.  RBUhiT. 
Lehrhuch  iIit  Anatumic  deH  MvnwIiL'n,  V.  Aiifl.. 
I>-ipz..  ims,  Bil.  il,  8.  50«,  Fitc.  4KS.)  V.  ni^rvm 
triip.'nunui' ;  XII,  iiervuK  hypoglnHsiia ;  fi,  finrt  cer- 
viral  lUTVc;  C.'-^.  «™nd  W  eighth  otTvii'ttl  ni-rvi-; 
Tl-Ji.  first  U)  m-elfth  thoracic  ntrvi';  /,  i-fc,  flM 
to  flfth  lumbar  neni-.  S  IS.  Bret  to  flflh  sacial 
nerve;  r,.  ncn-Uii  iiircyKPUs :  i.i.  filum  tcrminnli' iiF 
the  spinal  oinL  From  the  root  marked  L,  to  r, 
(suda  ei(uitia:  Rr.  plexiui  hrachialis;  Ct,  iiervus 
foinnnili!! :  Sc.  nervuH  itx-hiatlirUH ;  O.  nervUH  ohlum. 
tortus;  tile  eularxemeiit  opposite  L.i.i.  and  S  repre- 
sent the  ii|><nal  BBiwIiaoD  the  dornal  rnitH.  Dn  the 
left  sideortheflguretlicsyinpathetic  trunk  in  shown. 
a  to  ■■  are  ganglia ;  a,  (pinBUon  ciTvi<«le  suueriiix ; 
h  and  e,  ganglion  cervirsle  meitinni  et  inTenus;  d. 
fimt  thoraeie  ganglion;  d'.  Inst  Ihorai'ic  KHiigliuu:  /, 
first  lumhar  ganglion  ;  u.  first  Hteml  ganglion. 
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fibreB  can  divide  from  oue  to  three  times,  each  time  giTingnst 
to  from  two  to  five  subdivisioDS.     In  this  way  the  numba  d 


F  o  5T3  \prv«  p  luaegnnd  tennlnftlBfrom  the  muaele  of  a  linud  aftrrlnM- 
ment  whdueaci  acd  After  P  Vb  tfTenlecker  Jr«  btkia 
Braunsihw  tflSl  S  147  F  K  B6  The  plexus  on  th  It^ft  givi-t  ff  bnv^ 
ng  flbrwi  wh  ch  KO  ti  h  m  or  tr  c  end  ngn,  ind  cated  by  Ih  norl* 
I  ke  appc«ntu  pb  The  nu  ei  uf  tl  p  inosclp  fibrtw  and  h(K«  of  vlwiMi 
sbcathha  e  uot  been  drawn  and   bv    unuecti   e  tissue  is  otn  tted. 

nerve  fibres  is  considerably  tncreaeed,  until  finally  there  trei 
sufficient  number  to  supply  every  muecle  fibre  with  one  or  f- 
eral  nerve-endings  (Schiefferdecber).  The  nnmber  of  nerve^nii- 
inga  for  the  individual  fibres  varies ;  thus  the  fibres  of  the  ffc- 
trocnemiusandof  the  triceps  of  the  frog  always  receive,  accoHiDf 
to  Sandmaon,  one  nerve -en  ding  at  about  the  middle  of  thefihff.' 
The  fibres  of  the  sartorius,  on  the  contrary,  each  receive  frw 
two  to  six  nerve-endings.  In  the  rectus  abdominis  muscle*  i*" 
of  each  muscle  segment  ia  said  to  receive  its  own  special  Dent- 
ending-     Whib  this  appears  to  be  true  for  frogs,  m  mamo! 


"  SBndmann,  I'clierdie  Verlheiliingilennotimschen  Xi>rr< 
in  lifii  quergiestreiflen  Miiskein  cler  Wjrbelthierc,  Arch.  I.  Am 
Physiol.  Abth.,  I^ipz.  (1885),  S.  240-3r)a. 
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Spite  of  their  great  length,  the  individual  muEcle  fibre  ap]ieurs 
to  need  only  one  nerve-ending. 

The  views  concerning  the  exact  mode  ot  nerve-ending  vary; 
it  is  generally  stated  that  the  roedullated  fibre,  having  arrived  at 
the  muscle  in  which  it  is  to  terminate,  sends  its  axis  cylinder 
only  into  the  fibre  itself,  the  nenrilemma  appearing  to  fuse  with 
the  sarcolemma,  the  myelin  sheath  disappearing.  The  continua- 
tion of  the  axone  then  branches  manifoldly  so  as  to  form  telo- 
dendrions  of  various  appearance.  In  reptiles  one  sees  typical 
motor  end  plates  so  well  known  since  the  studies  of  Kuehne.* 
In  Fig.  574  the  appearances  to  be  met  with  in  Lacerta  are  shown. 
The  appearances  are  quite  different  in  different  animals.  In  Fig. 
575  the  relations  of  the  frog  are  illustrated ;  in  Fig.  57G,  those  in 


FlO,  674.— Motor  tclodcndriun ;  i-xamiiiMl  fresh  in  phyiiioloKirsI  Bait  solution 
froiD  fjHVTin  ARilJH.  (.\rt('r  W.  Kuhnf.  ZtH-hr  f.  Bir<l..  BJ.  xxii< ;  laki-D 
rruni  SchiefTcnlcckt'r's  (icvrphplclin'.)  The  ninlullaliil  aiunp  hiui  hfi-n  torn 
off  nhort ;  the  nuclei  of  the  SnklfnttUniaHt  are  well  bIiowii.  One  nueleus  of 
the  neurilemma  and  two  nueli-i  nf  Henlc's  shealli  aiv  ahuwn  on  the  nerre 
fihre.     Tht.'  nuclei  of  the  muwle  flbre  arc  eauil^  vJKible. 

the  rabbit.  In  every  case  the  axone  breaks  up  into  a  number  of 
enbdiviaions,  many  of  which  appear  to  spread  out  into  disklike 
platelets.  Von  KoJliker,  RraiiBe,  and  others  do  not  believe  that 
the  axis  cylinder  and  telodendriona  are  situated  between  the  earco- 


"  Kiiehne,  W.   Neuo  Untersuchungen  Dber  motorische  Ner 
ZeitBchr.  t.  Biologie,  Bd.  xxiii,  pp.  1-149. 


'Hcniligung. 
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lemma  and  the  muscle,  but  assert  that  it  lies  upon  the 
lemma  itself ;   that  this  neurilemma  accompanies  the  su 


Fio.  575. — Motor  nerve  ending  on  the  M.  gastrocnemius  of  the  frog.  '  j 
Kiihne,  a.s  modified  hy  P.  Schiefferdecker  in  his  Gewebelehre,  Brw 
1891,  S.  152,  Fig.  100. )  The  meduUated  nerve  fibre  N.  divides  mt« 
medullated  terminal  branches;  the  crossed  striatiou  of  the  mnsrl 
shown.     GA,  non-medullated  terminal  fibrils  with  adjacent  naclei. 

sions  to  their  terminations,  and  that  it  is  Henle's  sheath 
unites  with  the  sarcolemma.  The  majority  of  investi 
however,  including  Kuehne  and  Schiefferdecker,  take  the 
site  view.  Sihler,  of  Cleveland,  believes  that  the  nerve 
are  situated  outside  the  sarcolemma,  and  I  must  sav  th^ 
beautiful  specimens  prepared  by  his  method,  which  throo 
kindness  I  have  had  the  opportunity  of  studying,  speak  sti 
in  favor  of  his  view — at  any  rate,  so  far  as  the  endings  i 


Fio.  576. — Nerve  ending  on  an  intercostal  muscle  of  the  rabbit-  OoM  p^^l" 
tion.  (After  W.  Kuhne,  Ztschr.  f  Biol.,  Bd.  xxiii ;  taken  from  Sriie^ 
decker's  Gewebelehrc.) 


frog  are  concerned.  Apathy,  however,  by  means  of  his  P» 
chloride  method,  demonstrates  the  existence  of  a  very  coap 
cated  arrangement  of    his  nettrofibriUofy  inside  the  indindi 
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muscle  cells.  His  observations  have  been  already  referred  to  in 
Chapter  VI,  and  Fig.  27  in  that  chapter  may  again  be  referred 
to. 

Since  the  introduction  of  the  vital  staining  with  methylene- 
blue  a  number  of  researches  bearing  upon  the  endings  of  motor 
axoues  in  striated  voluntary  muscle  have  been  forthcoming.  We 
need  only  mention  those  of  Ehrlich,*  Dogiel,t  and  especially 
Retzius.1  The  investigations  of  Retzius  are  of  particular  value, 
since  they  include  objective  descriptions  of  the  motor  endings  in 
a  long  series  of  vertebrate  classes.  The  recent  literature  has 
been  collected  and  briefly  epitomized  by  Kallius.*  The  whole 
lower  motor  neurone  from  the  nerve  centre  to  the  muscle  is 
Bchematically  illustrated  in  the  diagram  (Fig.  577). 

The  localization  of  function  in  connection  with  the  lower 
motor  neurones  of  the  spinal  cord  is  a  topic  which  in  late  years 
has  interested  a  progressively  increasing  number  of  investigators. 
After  the  proofs  brought  by  Sir  Charles  Bell  in  regard  to  the 
motor  nature  of  the  ventral  roots  and  of  the  sensory  nature  of 
the  dorsal  roots  had  been  generally  recognized,  there  arose  con- 
flicting opinions  in  the  earlier  part  of  this  century  concerning 
the  functions  of  the  individual  spinal  nerve  roots. 

Panizza,||  as  a  result  of  his  experiments,  decided  that  section 
of  one  nerve  root  caused  only  temporary  weakness  of  the  limb  as 
a  whole,  the  weakness  increasing  in  proportion  to  the  number  of 
roots  divided.  Complete  paralysis  resulted  only  when  the  last 
root  had  been  cut.  According  to  Panizza,  therefore,  the  various 
roots  acted  as  a  whole,  each  one  of  them  being  capable  of  main- 
taining the  functions  in  their  integrity.  Johannes  Miiller  and 
Tan  Deen  decided,  from  their  own  experiments  and  from  those  of 
Kronenberg,  that  the  purpose  of  the  nerve  plexus,  so  far  as  the 


♦  Ehrlich,  P.  Ueber  die  Methylenblaureaktion  der  lebenden  Nerven- 
substanz.     Deutsche  med.  Wchnschr.,  Bed.,  Bd.  xii  (1886),  S.  49-52. 

t  Dogiel,  A.  S.  Methylenblautinktion  der  motorischen  Nervenendi- 
^^pingen  in  den  Muskeln  der  Araphibien  und  Reptilien.  Arch.  f.  mikr. 
^Anat.,  Bonn,  Bd.  xxxv  (1890),  S.  305-320. 

X  Retzius,  C.  Zur  Kenntniss  der  motorischen  Nervenendigungen.  Biol. 
"CJntersuch.,  Stockholm,  n.  P.,  Bd.  iii  (1892),  S.  41-52. 

•  Kallius,  E.     Endlgungen  raotorischer  Nerven  in  der  Muskulatur  der 

"^^irbelthiere.     Merkel- Bon  net's  Ergebn.  der  Anat.  u.  Entwick.,  Bd.  vi  for 
^■-896,  Wiesbaden  (1897),  S.  26-43. 

I  Panizza,  B.   Ricerche  sperimentali  sopra  i  nervi,  8vo,  Pavia  (1834).  Also 
bstr.  in  Edinb.  M.  and  S.  J.,  vol.  xlv.  (1836),  pp.  70-98. 
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Fio.  577. — Scheme  of  lower  motor  neurone.  The  motor  cell  body«  toeetbrr  vitk 
all  its  protoplasmic  processes^  its  axis-cylinder  process,  side  fihriU.  or  mt* 
laterals,  and  end  ramifications,  represent  parts  of  a  siiij^le  cell  or  mfwnm. 
aM.,  axone-hillock  devoid  of  Nissl  bodies,  and  showini^  fibrillation  ;  «r..asie 
cylinder  or  axone.  This  process,  near  the  cell  body,  becomes  surmanded  by 
myelin,  m.,  and  a  cellnlar  sheath,  the  neurilemma,  the  latter  not  beiaf  i> 
int(*gral  part  of  the  neurone  ;  c,  cytoplasm  showing  Xissl  bodies  and  Uf^fbff 
ground  substance ;  d.,  protoplasmic  processes  (dendritt»^  containing  Xz^ 
bodies;  n.,  nucleus;  n'.,  nucleolus:  n.B.,  node  of  Banvier;  «./.,  side  tibril; 
n.  ofn.,  nucleus  of  neurilemma  sheath  ;  tri.,  motor  end  plate  or  telodei^ntf* 
striped  muscle  fibre ;  «.L.,  segmentation  of  Lantennann. 
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motor  nerves  are  concerned,  is  to  convey  fibres  to  each  muscle 
from  different  parts  of  the  brain  and  spinal  cord. 

The  careful  dissections  and  electrical  experiments  of  Peyer* 
proved  that  the  group  of  muscles  supplied  by  each  spinal  root 
was  a  complex  one,  and  also  that  each  muscle  is  supplied  as  a 
rule  by  more  than  one  root,  findings  which  were  confirmed  in 
large  part  and  extended  by  the  researches  of  Krause.f 

The  electrical  experiments  of  Erb  on  the  brachial  plexus  of 
man  made  it  seem  probable  that  the  researches  which  had  been 
conducted  upon  lower  animals  also  applied  to  the  functional 
relations  of  the  roots  in  human  beings. 

From  the  clinical  side,  too,  Remak  X  suggested  that  function- 
ally related  or  synergic  muscles  are  represented  together  in  the  ven- 
tral horns  of  the  spinal  cord.  He  arrived  at  this  conclusion  from 
his  observations  in  cases  of  atrophic  spinal  paralysis,  since  he 
observed  that  the  muscles  simultaneously  affected  corresponded 
to  those  concerned  in  definite  movements.  He  even  went  so  far 
as  to  indicate  the  probable  position  of  the  centres  of  certain 
brachial  and  crural  muscular  groups  in  the  cervical  and  lumbar 
portions  of  the  spinal  cord  respectively. 

Some  help  was  gained  with  regard  to  motor  localization  at 
this  period  from  the  study  of  the  spinal  cord  after  amputations 
and  from  experiments  on  animals  undertaken  by  von  Gudden's 
method.  But  the  next  significant  advance  in  knowledge  dates 
from  1881,  when  the  experiments  with  localized  faradic  excitation 
were  undertaken  by  Ferrier  and  Yeo.*  These  investigators,  by 
stimulation  of  the  individual  ventral  roots  in  the  monkey,  proved 
not  only  that  various  muscles  contract,  but  that  a  definite  group 

*  Peyer,  J.   Ueber  die  peripherischen  Endigungen  der  motorischen  und 

sensiblen  Fasem  der  in  den  Plexus  brachialis  des  Kaninchens  eintretenden 

Nervenwursseln.    Ztschr.  f.  rat.  Med.,  Heidelb.,  2  R.,  Bd.  iv  (1854),  S.  52-77. 

f  Kreuse,  W.    Beitrftge  zur  Neurologic  der  oberen  ExtremitAt,  4to,  Leipz. 

a.  Heidelb.  (1865). 

t  Remak,  E.  Zur  Pathogenese  der  Bleilfthmungen.  Arch.  f.  Psychiat.  u. 
^enrenkr.,  Berl.  (1876). — Zur  Pathoiogie  der  Lfthmungen  des  Plexus  brachi- 
alis. Berl.  klin.  Wchnschr.,  Bd.  xiv  (1877),  S.  116-118.— Ueber  die  Localisa- 
tion atrophischer  Spinallfthmungen  und  spinaler  Atrophien :  klinische  Bei- 
trftge zur  Pathoiogie  und  Physiologic  des  RQckenraarks.  Arch.  f.  Psychiat. 
u.  Nervenkr.,  Berl.,  Bd.  ix  (1878-*79),  S.  510-635. 

»  Ferrier,  D.,  and  G.  P.  Yeo.  The  Functional  Relations  of  the  Motor 
ftoots  of  the  Brachial  and  Lumbo-sacral  Plexuses.  Proc.  Roy.  Soc.  Lond., 
>ol.  xxxii  (1881),  pp.  12-20. 
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of  muscles  in  synergic  combination  is  set  into  activity,  the  rf«t 
being  to  produce  a  highly  co-ordinated  movement  such  as  Beoak 
had  suggested  must  be  the  case.  They  found,  for  example,  that 
stimulation  of  the  fimt  thoracic  root  causes  adduction  of  the 
thumb  and  flexion  of  the  fingers  at  the  metacarpo-phaUngeal 
joints ;  stimulation  of  the  eighth  cervical  root  leads  to  a  com^x 
reaction,  comprising  firm  closure  of  the  fist  (intrinsic  mincb 
and  long  flexora  of  fingers  and  thumb),  pronation  and  flexioQol 
the  wrist  (to  the  ulnar  side),  and  extension  of  the  forearm  lid 
retraction  of  the  upper  arm  (long  head  of  the  triceps,  espedtlh 
in  action).  Stimulation  of  the  seventh  cervical  root  cuad 
adduction  of  the  upper  arm  with  rotation  inward  and  retractkm; 
the  forearm  became  extended  so  as  to  bring  the  dorsum  of  the 
hand  against  the  rump,  the  wrist  and  fingers  being  flexed  (iX 
their  second  phalanges),  the  so-called  scalptor  ani  moveme&i 
involving  the  co-operation  of  numerous  muscles.  In  the  mat 
way  they  determined  the  complex  movements  which  result  ob 
stimulation  of  the  ventral  roots  of  C  vi,  C  v,  C  iv,  S  i,  Lvii,  Lti, 
L  v,  L  iv,  and  L  iii. 

Since  the  muscles  thrown  into  action  by  each  ventral  root  ire 
innervated  in  most  cases  by  several  nerve  trunks,  Ferrier  uA 
Yeo  concluded  that  the  plexiform  junctions  of  the  varioag  rooC 
are  for  the  purpose  of  distributing  the  requisite  motor  fibres  is 
different  trunks  to  the  various  muscles  engaged  in  each  fooctioDiI 
combination.    Such  a  view  would  explain  why  section  of  a  motflf 
root,  while  causing  paralysis  of  the  corresponding  combinitiflB, 
need  not  necessarily  paralyze  the  individual  muscles  inrolral 
and   the  remarkable  findings  of  Panizza   were  thus  made  \» 
unintelligible.     These  experiments  were  in  large  part  confinoed 
by  Bert  and  Marcacci,*  and  were  confirmed  and  extended  frj 
Forgue,f  the  latter  investigator  stating  that  each  root  passBg » 
the  upper  or  lower  extremity  supplies  the  two  opposite  snr^ 
of  the  limb ;  that,  in  the  cervical  region,  as  the  thoracic  iwS 
are  approached,  the  resulting  muscular  contractions  inToIte  tli? 


*  Bert,  P.,  ed  A.  Marcacci.  Communicazione  pre ventiva  sulia  dstete- 
zione  delle  radici  motrici  nei  muscoli  degli  arti.  SperimeDtale,  fvfSM, 
vol.  xlviii  (1881),  pp.  356-^358.— Corapt  rend.  Soc.  de  BioL  (1881);  *l»fii» 
m^d.  de  Paris  (1881),  p.  512. 

f  Forgue,  £.  Distribution  des  racines  motrices  dans  ies  miisdtf  ^ 
membres.  Gaz.  bebd.  d.  sc.  med.  de  Montpel.,  t.  r  (1883),  p.  253 ;  ^:  ^• 
388.— Also  These  Montpellier  (1883). 
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inferior  segments  of  the  limb,  and  that,  further,  passing  in  this 
direction  the  contractions  progressively  involve  the  muscular 
masses  proceeding  from  the  radial  to  the  ulnar  side  of  the  limb. 

The  whole  subject  was  again  taken  up  in  1892  by  Risien  Rus- 
sell,* of  London.  Bussell  began  his  research  by  cutting  individual 
roots  and  exciting  the  peripheral  ends  in  order  to  observe  the  total 
compound  movement  produced.  Subsequently  he  attempted  to 
make  a  minute  analysis  of  this  combined  movement,  dividing  it 
into  its  component  factors  by  using  minimal  currents  of  excitation 
applied  to  the  separate  bundles  of  nerve  fibres  in  each  nerve  root. 
He  makes  the  remarkable  statement  that  stimulation  of  each  of  the 
various  bundles  visible  on  the  surface  of  the  transverse  section  of 
a  root  leads  to  a  different  movement.  He  attempted  also,  by  ex- 
citing successively  the  various  roots  and  their  parts,  to  find  out 
whence  individual  muscles  received  their  innervation.  Again, 
when  a  given  muscle  was  found  to  be  innervated  from  several 
ventral  roots  the  attempt  was  made  to  determine  to  what  degree 
any  given  root  supplies  it. 

It  is  impossible  here  to  give  more  than  a  single  example  of  the 
results  reached  by  this  investigator,  but  for  this  the  effect  of 
stimulation  of  the  eighth  cervical  root  and  its  constituent  parts 
will  serve  very  well.  Russell  found  that  on  excitation  of  the 
whole  root  of  the  eighth  cervical  nerve  the  whole  upper  limb  be- 
comes extended  straight  down  by  the  side  of  the  trunk  parallel  to 
its  long  axis  and  in  a  straight  line,  with  the  digits  very  slightly 
separated.  Further,  on  excitation  of  the  individual  bundles  of 
the  same  nerve  root  he  was  able  to  differentiate  no  less  than 
twelve  constituent  movements :  (1)  Arm  drawn  to  the  side  of 
the  trunk  with  tilting  of  the  elbow  outward ;  (2)  arm  drawn 
down  from  the  shoulder  and  fixed  to  the  side ;  (3)  arm  drawn 
across  the  thorax  to  the  opposite  side ;  (4)  arm  drawn  to  the  same 
side  of  the  thorax ;  (5)  retraction  of  the  elbow ;  (6)  extension  of 
the  elbow ;  (7)  flexion  of  the  wrist ;  (8)  extension  of  the  wrist ; 
(9)  supination  of  the  forearm ;  (10)  pronation  of  the  forearm  ; 
(11)  flexion  of  the  digits;  (12)  extension  of  the  digits.  Russell 
determined  that  the  fibres  representing  a  certain  movement,  as  a 
rule,  preserve  the  same  position  in  a  given  nerve  root.  Thus,  for 
example,  extension  of  the  wrist  is  represented  by  a  bundle  of  fibres 

♦  Russell,  J.  S.  R.  An  Experimental  Investigation  of  the  Nerve  Roots 
whieh  enter  into  the  Formation  of  the  Brachial  Plexus  of  the  Dog.  Phil. 
Tr.  Roy.  Soc.  Lond.,  vol.  clxxxiv  (B.),  Lond.  (1894),  pp.  39-63. 
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in  the  upper  part  of  the  circumference,  while  flexion  i 
sented  by  a  bundle  of  fibres  in  the  lower  part  of  the  sai 
Each  bundle  of  nerve  fibres  representing  a  single  simpl 
ment  in  a  nerve  root  remains,  Russell  states,  distinct  in  it 
to  the  muscle  or  muscles  producing  such  a  movenient 
inosculating  with  other  motor  nerve  fibres. 

.  It  is  interesting  to  note  that  all  the  recent  investigatic 
cate  that  the  group  of  muscles  supplied  by  any  given  n 
limb  occupies  not  only  the  anterior  but  also  the  posterior 
of  the  limb ;  in  other  words,  that  muscles,  the  unimpeda 
of  which  would  produce  a  certain  movement,  are  represc 
the  same  root  as  others,  the  action  of  which  would  pr 
movement  diametrically  opposite  (antagonistic  muscles). 
combinations,  however,  one  set  of  muscles  is  always  mon 
sively  represented  than  others,  so  that  with  sufiiciently  ei 
stimulation  of  all  the  fibres  of  a  given  nerve  root  certain  n: 
contractions — for  example,  those  of  flexion  of  the  joint — ^p 
nate  in  their  action  over  others.  That  the  individual  bm 
fibres  in  the  nerve  roots  do  not  go  to  single  muscles  is  pn 
the  fact  that  it  is  impossible  by  stimulation  of  such  a  single 
to  produce  contraction  of  a  single  muscle  alone.  As  migi 
been  expected  from  what  we  know  of  the  relation  of  the  m 
to  the  neurotome,  when  the  same  muscle  is  represented 
nerve  roots,  the  fibres  of  a  muscle  which  are  innervated  i 
nerve  root  are  not  innervated  by  the  other. 

In  general,  these  results  have  been  confirmed  by  a  whole 
of  researches  in  embryology,  comparative  anatomy,  cHoical 
cine,  pathological  anatomy,  and  experimental  physiolog; 
1888  M.  Allen  Starr*  did  great  service  by  combining  in  thi 
of  a  table  the  data  which  up  to  that  date  had  been  accnmo 
We  produce  here  the  table,  slightly  modified,  including  soi 
the  changes  suggested  by  Edinger. 


♦Starr,  M.  Allen.  Syringomyelia;  its  Pathology  and  Clinical  Fo 
with  a  Study  of  a  Case  and  Remarks  upon  its  Diagnosis.  Am.  J.  X« 
Phila.,  n.  s.,"vol.  xcv  (1888),  pp.  456-468. 
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alization  of  Fmiction  in  the  Different  Segments  of  the  Spinal 
Cord.     (M.  Allen  Starr ^  slightly  fnodified  by  EdingerJ) 


lents. 


l-Ul 


IV 


CJ.v 


VI 


VII 


VIII 


T.  i 


Muscles. 


M.  sterno-cleido-mastoi- 

deus. 
M.  trapezius. 
iMm.  scaleni  et  colli. 
Diaphragma. 
Diapbragma. 
M .  supraspiiiatus. 
M.  infraspinatus. 
M.  deltoiaeus. 
M.  biceps  brachii. 
M.  coraco-brachialis. 
M.  supinator  longus. 
M.  rhomboidei. 
M.  deltoideus. 
M.  biceps  brachii. 
M.  coraco-brachialis. 
M.  supinator  longus. 
M.  supinator  brevis. 
M.  pectoral  is  major 

(pars  clavicularis). 
M.  serratus  anterior. 
Mm.  rhomboidei. 
M.  brachialis  anticus. 
M.  teres  minor. 
M.  biceps  brachii. 
M.  brachialis  anticus. 
M.  pectoralis  major 

(pars  clavicularis). 
M.  serratus  anterior. 
M.  triceps  brachii. 
Mm.  extensores  manus  et 

digitorum. 
Mm.  pronatores. 
M.  triceps  brachii  (caput 

longum). 
Mm.  extensores  manus  et 

digitorum. 
Mm.  flexores  manus. 
Mm.  pronatores  manus.  . 
M.  pectoralis  major 

(pars  sterno-costalis). 
M.  subscapularis. 
M.  latissimus  dorsi. 
M.  teres  major. 
Mm.  flexores  manus  et 

digitorum. 
Mm.  minores  manus. 
Mm.  extensores  pollicis. 
Mm.  minores  manus. 
Mm.  eminent,  thenar,  et 

hypothenar. 

59 


Reflexes. 


CutaneouB  areas 
innervated. 


Inspiratory  reflex 
on  quick  pressure 
beneath  ribs. 


Neck  and  back  of 
head. 


Dilatation  of  the    Neck, 
pupil    on    irrit«-|  Upper      part      of 


tion  of  the  neck 
(C.  iv-vii). 


Scapular  reflex 
(C.  v-T.  i). 

Tendon  reflexes  of 
the  correspond- 
ing muscles. 


Tendon  reflexes  of 
the  Mm.  exten- 
sores lacerti  et 
brachii. 

Tendon  reflexes  of 
the  muscles  of 
the  wrist. 


Blow  upon  the 
palm  of  the  hand 
causes  closure  of 
the  fingers. 

Palmar  reflex 


(C.  vii-T.  i). 


Pupillary  reflex. 


shoulder. 
Outer  side  of  arm. 


Back  of  shoulder 
and  arm. 

Outer  side  of  up- 
per arm  and  of 
the  forearm. 


Outer  side  of  fore- 
arm. 

Back  of  hand  and 
radial  region. 


Radial    region    of 
hand. 


Distribution      of 
N.  median  us. 


!-  Ulnar  region. 
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{Continued.) 


Segrinents. 


Muscles. 


T.  ii-xii    Mm.  dorsi. 

Mm.  abtlominis. 
Mm.  erect  ores  spinie. 


L.  i    M.  iliopsoas. 
M.  sartorius. 

Mm.  abdominis. 

I 
1 

L.  ii  M.  iliopsoas. 
M.  sartorius. 
Mm.  flexores  genus 

(Remak  f) 
M.  quadriceps  femoris. 
L.  iii    M.  quadriceps  femoris. 
Mm.  rotatores  femoris 

(inward). 
Mm.  adductores  femoris. 
L.  iv    Mm.  abductores  femoris. 
Mm.  adductores  femoris. 
M.  tibialis  anterior. 
Mm.  flexores  genus 
(Ferrierf) 
V    Mm.  rotatores  femoris 
(outward). 
Mm.  flexores  genus 

(Ferrierf) 
Mm.  flexores  pedis. 
Mm.  extensores    digito- 

rum. 
Mm.  peroniei. 
S.  i-ii    Mm.    flexores    pedis    et 
digitorum. 
Mm.  peronfei. 
Mm.  minores  pedis. 
S.  iii-v    Mm.  perinipi. 


Reflexes. 


Epigastric  reflex 

(T.  iv-vii). 
Abdominal  reflex 

(T.  vii-xi). 
Cremaster  reflex 
(L.  i-iii). 


Patellartendon 
flex  (L.  ii-iv). 


i  Gluteal  reflex 
(L.  iv-v). 


Plantar  reflex. 


Achilles  tendon  re- 
flex. 

Vesical  and  rectal 
centres. 


Skin     of    tlkni 

back,     afadcoe. 

andnppergheei. 

region. 
Skin   of  pubic  ?- 

gion. 
Anterior    ptit   -' 

scpoturo. 
Oater  side  ol  kir. 


Anterior  and  mar 
side  of  thi^ 


Inner  side  of  tliir 
and  leg  as  fir  as 
ankle:  inner  si^ 
of  foot. 

Back  of  hip  ts^. 
thigh  and  <si^ 
part  of  f ooL 


Hack  of  tiu|^: 
outer  side  of  kf 
and  foot. 

Skin  oTer  skthel 
perinjpam,  ^'- 
talia,  and  »k^ 
anas. 


The  starting  point  for  the  recent  studies  of  the  groapin^  t^ 
the  nerve  cells  inside  the  spinal  cord  is  the  exhaastive  nseut^ 
of  Waldeyer  *  upon  the  spinal  cord  of  the  gorilla  to  which  ^ 
have  already  referred.  The  groups  designated  by  him,  or  modi- 
fications of  these,  are  still  in  use. 

The  next  important  research  bearing  upon    the  topic  co^ 


•  Waldeyer,  W.     Das  Gorilla-ROckenraark.     Abhandl.  d.   IC.  AUL  ^ 
Wissensch.  zu  Berlin  (1888),  S.  91. 


GROUPING  AND  CHAINING  TOGETHER  OP  NEURONES.      905 


.^rr.—-;Q) 


under  consideration  is  that  of  Kaiser.*  This  author  analyzed 
most  carefully  the  work  of  previous  inyestigators  and  then  him- 
self made  an  elaborate  study  of 
the  cell  groups  in  the  ventral 
horns  of  the  cervical  region  of 
the  spinal  cord.  Nor  was  he 
satisfied  with  simply  grouping 
the  cells  morphologically,  but  at- 
tempted to  get  at  the  functional 
meaning  of  the  various  groups  of 
cells  in  the  ventral  horns.  His 
findings  are  illustrated  in  Figs. 
5T8  to  582. 

The  studies  of  von  Lenhossfek 
have  already  been  referred  to 
(vide  supra). 

Two  American  researches 
worthy  of  note  must  here  be 
mentioned,  that  of  Hammond  f 
and  that  of  Collins. I  Hammond 
was  able  to  state  that  in  the  third 
lumbar  segment  of  the  spinal 
cord  (Fig.  583,  A)  the  nucleus  of 
the  quadriceps  femoris  occupies 
the  middle  part  of  the  ventro- 
lateral column  of  cells  in  the 
ventral  horn ;  at  the  level  of  the 
tenth  thoracic  segment  (Fig.  583, 
B)  the  cells  of  the  abdominal 
muscles  are  situated  in  the  ven- 
tro-lateral  and  in  termed  io-lateral 
Columns;   in  the  lower  cervical 


Fig.  578. — Musttle  nuclei  of  the  human 
cervical  cord  according  to  Forgue 
and  Lannegrace.  (After  O.  Kaiser, 
Die  Funktionen  dcr  Ganglienzellen 
des  Halsmarkes,  etc.,  Haag,  1891.  S. 
7.)  The  lines  marked  T  and  FY 
have  been  drawn  with  regard  to  the 
results  of  Thorbum  and  Ferrier  and 
Yeo. 


•  Kaiser,  0.    Die  Function  dcr  Ganglienzellen  des  Halsmarkes.    Haag, 
1891. 

f  Hammond,  G.  Two  Cases  of  Progressive  Muscular  Atrophy  ;  a  Report 
<*T  the  Pathological  Examination,  with  Special  Reference  to  the  Functions 
<->r  Certain  Cell  Groups  in  the  Spinal  Cord.  N.  Y.  Med.  J.,  vol.  lix  (1894), 
r>^.  15-19. 

X  Collins.  J.    A  Contribution  to  the  Arrangement  and  Functions  of  the 
ills  of  the  Cervical  Spinal  Cord,  to  which  is  Appended  a  Note  on  Central 
langes  Secondary  to  Long-continued  Disuse  of  One  Extremity.     N.  Y. 
^^Ccd.  J.,  vol.  lix  (1894),  pp.  40 ;  98. 
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FlQ.  fi79. — Spinal  cord  of  ndnit  man  at  IptpI  of  C  III.  to  show  the  (crmipinti  c^  I^ 
nurre  cells.  iAfler  O.  Knispr.  Dip  Funktionen  der  Gantcltrnnrllrn  d«  Hit 
nurkes,  etr.,  Uaag.  1B91.  T^f  ii.  Fig.  B.)  Ar.G,.  acrRmonUB  Itmup;  *^*- 
banl  otWt  uf  domi  hum  ;  m.A.»..  niediiil  vpntral  primp  :  Ux,  middlr  crb 
flI.Z..  nucleus  doimlis  ( i.fr\-ii»l  nucleus  of  Stilliu);)  ;  ,Si.  «lls  uf  «<»• 
lateralc ;  r.C.  vonCial  group ;  iZ.  Msttcn'd  ivlla. 


a.  S§0.— Trensverae  sc  ., 

0,  Kaiser.  Die  Funklinnen  der  OanglienEelleD  des  HalBinarkta,  etc.,  Haag, 
IBSt,  T&r  iv.  Fift.  4. 1  Ae.G.,  accessor] ub  group ;  1.(1.1,  lalenl  group  1 ;  I.O.t, 
lateral  group  2;  l.fl.S,  lateml  gruupS;   m.G..  miilial  group;   Mx.   middls 

crlla  ;  lb,  cells  of  comu  laterals;  c.<l.,  ventral  group. 
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Flu.  SSI. — Transverse  section  throagh  the  hanuin  spinal  conl  at  tlie  letrL 
CVllI.  (After  O.  Kaiser.  Die  Funktionen  di-r  Ganstienzellrn  dra  H» 
nurki^etc.,  HasK.  18B1.  Taf.  vii.  Fig.  T.  i  lA-'^..  Utvral  doml  gnxip; '" 
lateral  ventral  group;  ».(•,.  medial  tt^uup;  JUt,  middle  cells. 
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region  (Fig.  o83,  C)  the  nuclei  of  the  muscles  of  the  forearm  are 
situated  in  the  Ten tro- lateral  column,  while  the  muscleH  of  the 
hand  are  represented  behind  these  in  the  most  dorsal  and  in- 
ferior parts  of  the  nucleus  of  the  superior  extremitj-. 

Collins  compared  the  cervical  enlargement  from  a  normal 
cord  with  that  from  a  case  of  poliomyelitis.  By  careful  exami- 
nation of  serial  sections  he  concluded  that  the  vast  majority  of 
the  motor  cells  of  the  cervical  cord  show  a  definite  arrange- 
ment; that  certain  of  these  cells  form  columns  which  extend 
through  several  spinal  segments;  that  definite  functions  can  be 
attributed  to  certain  groups  and  to  certain  columns  of  cells  in- 


mG  ma 

Fin.  582  — Tranavetse  Bcctioiw  of  the  TiKtal  human  cord  18  T  cm  long  After  O, 
KaiaeT,  Die  Funktiuncn  der  OanglieiizrlUn  des  HaUraarlcin  cU.  Hmg  1891, 
Taf.  ii.  Fis.  10a  and  Fig.  lOA. )  a.  Junction  of  C  \  with  L  M  b  JiiQctinn 
of  C  VII  with  C  VIII.  ac.G..  ftccessoriuiiKroap  I  t!  1  I  I  ^  I  r  S  three  por- 
tions of  latonil  group;  l.rf.C.  lateral  dorsal  group  I  r  C  lateral  ventral 
gruup;  B,  (?..  medial  group. 

side  the  spinal  cord;  that  the  main  cellular  groups  correspond- 
ing to  the  brachial  plexus  are  three  In  number,  and  extend  from 
the  upper  part  of  the  fourth  cervical  segment  to  the  lower  part 
of  the  first  thoracic  segment,  the  cells  of  the  upper  part  of  this 
territory  innervating  the  muscles  of  the  shoulder  and  of  the 
*rm,  the  cells  of  the  lower  part  innervating  the  muscles  of  the 
arm  and  of  the  hand.     The  group  of  cells  innervating  the  flexor 
lunacies  is  situated  outside  and  below  that  innervating  the  ex- 
tensor muscles.     On  the  other  hand,  the  cells  innervating  the 
Extensor  muscles  are  more  medially  placed  than  those  innervat- 
*  ng  the  flexors.     The  muscles  of  the  back  are  innervated,  he  be- 
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lieves,  by  the  cells  situated  ventrally  and  medially  in  the  ventni 
horn.  Collins  believes  that  the  number  of  cells  and  cell  gnnpi 
is  in  direct  relation  with  the  motor  functions  of  the  parts  com- 
sponding  to  them  topographically.  The  nacleus  for  the  phmuc 
nerve,  according  to  Collins,  occupies  the  ventro-medial  portion 
of  the  veutral  horn  at  the  lower  part  of  the  third  cervical  stg- 
ment  (Fig.  584). 

The  localization  of  cells  corresponding  to  various  rnosda 
entered  upon  a  new  era  with  the  introduction  of  the  special 
method  devised  by  Nissl  in  1894.*  This  method  (Methode  iff 
primdren  Reizung)^  and  some  of  the  results  to  which  it  hAsH 
have  already  been  referred  to  in  Chapter  X  X.  It  depends  upon  tlie 
fact  that  if  the  axone  of  a  lower  motor  neurone  be  severed,  certuB 
definite  and  easily  recognizable  changes  occur  in  the  cdl  bodj 
of  that  neurone.  There  is  disintegration  or  disappearance  of  tbe 
tigroid  masses  in  the  protoplasm,  and  the  nucleus  becomes  di^ 
located  to  the  side  of  the  cell.  The  inventor's  applicatioD  d 
his  own  method  was  not  so  happy  as  that  of  recent  ioTestigi' 
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Fio.  583. — Grouping  of  cell  bodies  of  lower  motor  nearones  innemtini;  ma 
muscles.  (After  G.  Hammond,  N.  Y.  M.  J.,  1894,  as  modified  byF.Siw 
A.  Level  of  L  III,  cells  governing  M.  quadriceps  femoris.  B.  Level  rf  Tl 
cells  innervating  the  abdominal  muscles.  C.  Level  of  inferior  oervkal  «ri: 
ventral  nucleus  governing  muscles  of  forearm  ;  dorso-lateial  nadeos  v/^^ 
ing  intrinsic  muscles  of  the  hand. 

tors,  for,  instead  of  extirpating  individual  muscles,  Nissl  cnt  (W* 
nite  nerves  such  as  the  radial,  the  ulnar,  and  the  median.  B^ 
found  changes  in  cells  iu  the  spiual  cord,  not  in  compact  groB|& 
but  more  or  less  at  intervals,  a  fact  which    is  not  mrp^ 

*  Nissl,  F.  Ueber  eine  neue  Untersuchungsmethode  des  CentnkjrpP 
speciell  zur  Feststellang  der  Localisation  der  Nervenzellen.  Cfntn&i« 
Nervenheilk.  u.  Psychiat,  Coblenz.  u.  Leipz.,  Bd,  xvii  (1894).  S.  S3T-^^' 
also  in  Arch.  f.  Psychiat.  u.  Nervenkr.,  Berl.,  Bd.  xxvi  (1894),  S.  ^,-t^*- 
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when  one  considers  the  central  and  peripheral  relations  of  these 

nerves,  and  those  of   the  neurotomes  and  myotomes  to  which 

they  correspond.     His  results  have  been  in  general  confirmed  by 

Colenbrander,*  by  Marinesco,f 

Flatau,  I  and  by  others.     By 

means  of  this  method  attempts 

at  localization  in  the  nucleus 

nervi  oculomotorii  have  been 

made    by    Bernheimer*    and 

Schwabe  |  {vide  infra). 

J.  Erlanger,  in  Prof.  Mall's 
laboratory  in  Baltimore,  has 
used  this  method  to  determine 
the  position  of  the  cells  in  the 

spinal    cord,   which    innervate    Fio-  584.— Diagram  of  the  human  spimil 
.  7^      ,  .  ,      .  ii..  ^ord  at  the  level  of  C  III  from  a  case  of 

the    biceps   muscle    in    rabbits.       poliomyelitis.     (After  J.  Collins,  N.  Y. 

After  extirpating  the  muscle     ?h/nuno7 thelh^nic'is^o^""' 
or  cutting  the  motor  nerve  go- 
ing to  it  he  studied  the  changes  in  serial  sections  in  the  spinal 
cord,  the  animals  having  been  killed  fifteen  days  after  the  experi- 
ments. 

A  most  important  series  of  researches  in  this  connection  have 
been  undertaken  by  Sano,^  who  has  studied  a  number  of  spinal 
cords  by  Nissl's  method  after  amputation,  and  has  made  a  num- 
ber of  ingenious  experiments  on  cats,  pigeons,  and  rabbits.    From 


*  Colenbrander.     Over  de  Structuur  der  Gangliencel  uit  den  boorsten 
Hoorn  (1896),  cited  by  Sano. 

f  Marinesco.     Op.  eit, 
X  Op,  eit. 

*  Bernheimer,  S.    Zur  Kenntniss  der  Localisation  in   Kemgebiete  des 
Oculomotorius.    Wien.  klin.  Wchnschr.,  Bd.  ix  (1896),  No.  5. 

I  Schwabe,  H.  Ueber  die  Gliederung  des  Oculomotoriushauptkerns  und 
die  Lage  der  den  einzelnen  Muskeln  entsprechenden  Gebiete  in  demselben. 
>reurol.  Centralbl.,  Leipz.,  Bd.  xv  (1896),  S.  792-794. 

^  Sano,  F.    Les  localisation  motrices  dans  la  moelle  lombo-sacrce.    J. 

<ie  neurol.  et  hypnol.,  Par.,  t.  ii  (1897) ;  Le^  localisations  motrices  dans  la 

'xioelle  ^pini^re.   Communication  au  Congres  de  Neurologie  et  d*Hypnologie, 

^eptembre.    Bnixelles.    Resume  dans  le  J.  de  neurol.  et  hypnol.,  1897; 

f-<es  localisations  des  fonctions  motrices  de  la  moelle  epiniere.     Annales 

«1^    la   Society   MWico-CJhirurgicale  d'Anvers,   19   Novembre  (1897);    De 

3^    constitution  des  noyaux  moteurs  m^dullaires.    J.  de  neurol.  et  hypnol. 

Q98),  p.  62 ;  Localisations  m^dullaires  motrices  et  sensitives.    Ibid.  (1898), 

►.     129. 
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the  results  of  these  and  a  very  careful  consideretioD  of  the  lb 
ature,  this  author  has  fomtalated  his  views  coDcemiDgtben 
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lo.  SSS. — Cnlumtis  of  fray  matter  aod  mntor  nuclei  o(  inbmxwviitii  errna 
(After  F.  Mno,  Les  IjOtsliaatliHU  deg  fonutions  oiotrirts  de  la  murUc  ifm 
Anvors.  Bnixclleit,  1898,  p.  32.)  Oaiitmna  jitntiitlit — ;.  a.  short  ntUoB 
head  ;  M.  subhyoid  muBcleg;  ft,  c.d.f./.eil^nBora  and  rotat«ts  of  tlw  irn** 
eolumn.  S,  nuclfUadiaphragmatLsdiie  seriiwof  HyinpBthclicnucldni^ 
of  small  celU  have  not  be«n  drawn  in) ;  they  are  situated  behind  tlK  «<•■ 
medittlis  ii«kr  the  columna  canallH  rentraiis.  rVrfainiia  inlrnutliirittr'^*- 
a.  accfsBorius  M.  trapeziua  and  M.  stemo-cleido-mastoideus;  t.r.fin 
cerviralis  ;  Mn.  trapeiJius  atemiM'Ipido-mastoideUB  :  d.  r,  middle  poniott' 
trapezius ;  /,  inferior  ^rt  of  M.  tnipeiiuB ;  i.  beRiuning  of  the  nm-Ni 
the  M.  latimimiu  dorei.  (WiiinHn  uiremilalii  nprrioriir—S.  Mm.  pwWil 
i,  b,  M.  li'vatur  scapulte ;  r.  M,  aerratuH  rn^oi'  '■  ^.  musries  of  the  ibnUi 
7.  c.  M.  biceps  ;  lower  down  supinators  and  eitensois  of  the  finitrrs:  Ww 
d  and  f  flexores  and  pronators ;  t,  thenar  and  hypothenar  mosclts ; /.  Ill 
thenar  miuwlea;  S.  d,  M.  triecps  biacliii ;  *    " 


Btitution  of  tbe  columna  of  mot«r  cells  in  the  spinal  cord.  B 
work  is  of  value  and  interest  and  should  be  coDBuli«d  bitni 
one  who  wishes  to  become  familiar  with  the  most  recent  fioJi^ 
dealing  with  spinal  motor  localization. 

In  brief,  Sano  distinguishes,  as  do  most  neurologistit,  in  ^ 
ventral  horn  two  longitudinal  columns  of  motor  cells  irbicbv 
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ftlmost  constant  throughout  the  whole  length  of  the  cord — the 
zolumna  medialis  and  the  columna  inter mediolateraliif  ;*  on 
transTerse  section  these  are  designated  the  nuclei  mediales  and 
the  nuclei  intermediolaterales.  •  Each  of  these  columns  may  be 
subdivided  in  places  into  two,  three,  or  four  secondary  columns. 
Between  the  columna  medialis  and  the  columna  intermedio- 
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f^XG.  686. — Columns  of  grniy  matter  and  motor  nuclei  of  the  intumescentia  lum- 
bal iii.  (After  A.  Sano,  Les  Loi'aHsations  des  fonctions  motrices  de  la  moelle 
^pinidre,  Anvers,  Bnixclles,  1898,  p.  33.)  (Mumna  medialu — /.  g,  h,  i,  ex- 
tensor and  rotator  muscles  of  the  spine  ;  j,  1%  musculus  ischiococcygeus  and 
M.  levator  ani ;  2.  fc,  in  front  M.  sphincter  vesicalis  ;  behind  3f,  M.  sphincter 
ani ;  the  sympathetic  nuclei  are  not  figured  for  the  visceral  muscles.  Columna 
intermtdio4nieraIi» — 8.  g,  abdominal  muscles ;  k,  M.  cremaster ;  j,  it,  muscles 
of  the  perineum.  Columna  extremiiatia  inferioris — 2.  t,  M.  pyramidales ;  3.  fc, 
M.  ilio-psoas ;  i,  Mm.  gluteei ;  j,  Mm.  gemelli,  M.  pyriformis ;  4^  M-  quadriceps 
femoris ;  5,  M.  pectoneus ;  Mm.  adductores ;  6.  i,  flexors  of  the  knee ;  lower 
down  M.  popliteus,  M.  triceps  surse,  j ;  7.  K  M.  tibialis  anticus ;  i,  extensor 
muscles  of  the  toes,  Mm.  peronei :  lower  down,  M.  tibialis  posticus ;  flexors 
of  the  toes ;  j,  k,  intrinsic  muscles  of  the  foot. 


*  The  term  columna  intermedio-lateralis  corresponds  to  the  Seitenhom- 
zellen  of  Waldeyer.  These,  together  with  his  Mittehellen,  correspond  to  J. 
Lockhart  Clarke's  Tractus  intermedio-lateralis.  described  in  his  Further 
Researches  on  the  Gray  Substance  of  the  Spinal  Cord.  Phil.  Trans.  Roy.  Soc., 
Ijond.,  Bd.  czlix  (1859). 
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lateralis  there  are  intercalated,  in  the  cervical  and  lambar  en- 
largements, longitudinal  motor  nuclei  of  considerable  size  whkk 
are  related  especially  to  the  muscles  of  the  extremities.  These 
intercalated  nuclei  are  known  in  the  cervical  enlargement  as  the 
columna  extremitatis  superioris  (Kaiser's  nucleus  extremititis 
superioris),  and  in  the  lumbar  enlargement  as  the  columna  a- 
tremitatis  in/erioris. 

In  Fig.  585  the  various  nuclei  in  the  cervical  enlargement  ire 
shown  not  only  in  their  longitudinal  extent,  bat  also  in  their 
reciprocal  positions  in  transverse  section.  In  Fig.  586  the  motor 
nuclei  of  the  lumbar  enlargement  are  represented.  If  the 
legends  accompanying  these  bie  carefully  consulted  thejwill,it 
is  believed,  be  understood  without  further  description.  It  is  to 
be  remembered  that  not  every  one  of  these  naclei  has  as  th 
been  definitely  established  by  means  of  NissPs  method,  bnt  the 
figures  represent  accurately  the  present  status  of  knowledfe 
gained  from  a  great  many  different  sources.  The  articles  of 
Flatau  *  and  van  Gehuchten  f  may  with  profit  be  consulted  in 
this  connection. 

On  the  whole,  then,  it  is  seen  that  in  the  spinal  cord  eaeb 
muscle  is  represented  by  a  nucleus  of  ventral  horn  cells.  Fnrthff. 
each  segment  of  the  spinal  cord  may  contain  portions  of  the 
nuclei  of  a  number  of  different  muscles;  and  these  portioi& 
judging  from  electrical  excitation  of  a  whole  ventral  root,inij 
correspond  to  a  very  complex  movement.  Section  of  the  Tentnl 
root,  as  Warrington  has  shown,  leads  to  degeneration  of  the  nene 
cells  in  all  the  groups  in  a  given  segment.  RnsselPs  expeii- 
ments,  in  which  he  excited  electrically  the  individual  bundles  d 
a  single  ventral  root,  render  it  almost  certain  that  the  very  cos* 
plex  movement  represented  in  a  whole  ventral  root  can  be  tfi- 
lyzed  into  a  large  series  of  simpler  component  movements.  Tbe 
nerve  cells  corresponding  to  these  individual  simpler  compocest 
movements  have  not  been  localized  inside  the  spinal  cori  b^ 
there  can  be  but  little  doubt  that  they  will  be  at  some  li^ 
time. 


*  Flatau,  E.  Ueber  Verftnderangeii  im  menscblichen  RtkckenniAit  ai^ 
Wegfall  grOsserer  Oliedmassen.  Deat.  med.  Wchnschr.^  Bd.  xiiu(I^* 
S.  278-279. 

t  van  Gehuchten,  A.  L'Anatomie  fine  de  la  cellule  nerreiise.  Vuto* 
d.  Internat.  Congr.,  Moscow,  1897. 
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(B)  Thoae  pertaining  to  the  Rhombencephalon,  Isthmus,  and 

Mesencephalon. 

CHAPTER  LVI. 

THE   LOWER   MOTOR   NEURONES   (CONTINUED). 

Lower  motor  neurones  above  the  spinal  cord — Columna  medialis— Columna 
lateralis — Curves  of  central  canal — The  so-called  "  head-cavities  *' — 
Proximal  or  pro5tic  cavities — Distal  or  postotic  cavities — Cephalic 
myotomes — The  so-called  **  components  **  of  the  peripheral  nerves — 
Somatic  motor,  somatic  sensory,  visceral  motor,  visceral  sensory,  and 
acustico-lateral  components — N.  hypoglossus — N.  accessorius — N.  vagus 
— N.  glossopharyngeus — N.  facialis — N.  abducens — N.  trigeminus — N. 
trochlearis — N.  oculomotorius. 

The  lower  motor  neurones  pertaining  to  the  rhombencephalon 
ind  mesencephalon  are  those  the  axones  of  which  go  to  make  up 
the  motor  cerebral  nerves.  Continuous  with  the  motor  gray 
x>lumn8  in  the  cord  are  similar  columns,  though  less  regular  and 
uore  interrupted  in  the  medulla,  pons,  and  midbrain.  The 
motor  cells  in  these  upper  regions  (Fig.  587)  are  divided  into  two 
rery  distinct  longitudinal  masses,  one  placed  more  medially, 
the  other  more  laterally.  To  the  medial  column  passing  from 
below  upward  belong  the  nucleus  N.  hypoglossi  and  the  nucleus 
N.  abducentis ;  while  to  the  lateral  column  passing  from  below 
upward  belong  the  motor  nuclei  of  the  N.  accessorius,  N.  vagus, 
K.  glossopharyngeus,  N.  facialis,  N.  trigeminus,  and  probably 
ilso  the  nucleus  X.  trochlearis  and  the  nucleus  N.  oculomotorii, 
ilthough  there  is  some  doubt  as  to  whether  the  last  two  nuclei 
>eIong  to  the  lateral  or  to  the  medial  column  of  motor  cells.  In 
he  medulla  oblongata  the  motor  cells  form  almost  a  continuous 
olumn,  but  in  the  pons,  isthmus,  and  midbrain  there  are  wide 
nterspaces  between  the  groups  of  motor  cells. 

The  central  canal,  in  passing  from  the  cord  to  the  ventriculus 
ertius,  shows  two  marked  curves.  The  first  is  at  the  junction  of 
<Drd  and  medulla,  where  the  canal  curves  rapidly  dorsal  ward  to 
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open  into  the  yentriculus  quartus.  The  second  is  aboTe  Hnt 
aqueductns  cerebri  (Svlvii),  where  the  canal  enrres  Tentnlnre 
to  enter  the  yentriculus  tertiu&  It  will  be  noticed  thAt  the  kn^i- 
tudinal  fibres  near  the  raphe  follow  the  same  curre.     Opposfe 


Dienetphalan. 


Nennu  hypogloutu. 


Fig.  587.— Brain,  showing  the  origin  and  termination  of  the  nerri  nnhnk*: 
human  embryo.  From  a  reconstmction  enlarged  about  eti^htepn  tii»& 
(After  W.  His,  taken  from  J.  Kollmann's  Lehrbach  der  Entwiekelnnipfr- 
schichten  des  Menschen,  Jena,  1898,  8.  542,  Fig.  331.)  Tc,  tuber  dneiwoa: 
Hy  hypophysis. 

the  lower  curve  the  fibres  of  the  fasciculus  ventralis  proprios  pus 
dorsal  ward  to  enter  the  fasciculus  longitudinalis  medialis.  Oppo- 
site the  upper  curve  the  fibres  of  the  fasciculus  longitndisi& 
medialis  pass  ventralward  to  the  region  of  the  nucleus  fascicoii 
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longitudinalis  medialis  (nucleus  of  Darkschewitsch).  The  two 
cerebral  motor  nuclei  of  these  regions — namely,  the  nucleus  nervi 
hypoglossi  and  the  nucleus  nervi  oculomotorii — conform  also  to 
the  curve,  so  that  when  looked  at  from  the  side,  these  two  nuclei 
»re  seen  to  lie  obliquely  to  the  long  axis  of  the  medulla,  pons, 
iiid  midbrain. 

The  cell  bodies  in  all  these  nuclei  are  very  much  like  those  of 
t;he  spinal  motor  cells,  being  typical  multipolar  stichochrome 
3ell8.  Their  axones  plunge  out  as  a  rule  almost  directly  into 
:he  peripheral  nerves.  The  exceptions  to  this  rule  are  met  with 
n  the  motor  axones  of  the  ninth  and  tenth,  which  run  backward 
from  the  nucleus  ambiguus  toward  the  floor  of  the  ventricle,  then 
lo  run  out  in  the  same  bundle  in  which  enter  the  sensory  portions 
>f  these  nerves.  The  fibres  of  the  seventh  nerve  make  a  remark- 
able discursion  after  leaving  their  nucleus.  They  pass  upward 
stnd  medialward  {pars  prima)  to  the  inner  side  of  the  nucleus 
nervi  abducentis,  then  pass  cerebralward  along  the  floor  of  the 
fourth  ventricle  for  a  short  distance  {ge?iu  internum) ,  and  again 
turn  lateralward  and  afterward  ventralward  {pars  secunda),  to 
take  their  exit  from  the  central  nervous  system  at  the  junction 
of  the  medulla  with  the  pons.  The  most  remarkable  behavior 
of  axones  is  perhaps  that  met  with  in  connection  with  the  fourth 
cerebral  nerve.  Although  the  nucleus  N.  trochlearis  is  situated 
in  the  isthmus  ventral  to  the  aqueductus  cerebri,  all  its  axones 
pass  dorsal  to  the  aqueduct,  and  undergo  total  decussation  with 
the  fibres  from  the  opposite  side.  The  relations  of  the  cerebral 
and  upper  spinal  nerve  roots  to  the  central  nervous  system  are 
clearly  visible  in  Fig.  588. 

The  axones  of  the  cerebral  motor  nerves  run  in  the  peripheral 
nerve  trunks  to  the  muscles  which  they  govern,  and  end  on  the 
muscle  fibres  as  typical  motor  telodendrions,  just  as  do  the  spinal 
nerves.  The  periods  of  myelinization  of  the  various  cerebral 
nerves  has  recently  been  very  carefully  established  by  Westphal.* 

Much  work  has  been  done,  especially  from  the  embryological 
Bide,  with  the  view  of  establishing  the  exact  relation  of  the  lower 
motor  neurones  corresponding  to  the  cerebral  nerves  and  the 
muscles  which  they  supply.     It  would  appear  that  the  muscles 


•  Westphal,  A.     Ueber   die    Markscheidenbildiing    der  Gehirnnerven 
•es  Menschen.    Arch.  f.  Psychiat.  u.  Nervenkr.,  Berl.,  Bd.  xxix  (1897),  S. 
74-527. 
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of  the  head,  of  the  eyes,  and  of  the  middle 
io-called  "head  caTities,"  vhich  appear  ml  m 
deTelopmeni  in  the  meaoderm  of  the  head.     Aa 


Fio.  588. — Cerebrum,  with  a  portion  of  the  filial  conL,  viewed 
suHkce.    On  the  right-hand  side  the  ventral  ruota  are  cvt 
turned  medial  ward.     (After  Rudinger  and  Henle,  from  A. 
book. )    /,  tractus  olfiictorius ;   //,  tractos  opticus :    ///,  N. 
'IV,  S.  truchlearis;  V,  N.  trigeminus,  portio  m^or  et  portao 
abducens;   17/.  N.  facialis;  VIF,  X.  intermedium;   I'lII,  X. 
y.  glnflsophaiTngeus ;  JT,  N.  vagus ;  XI,  N.  aooeasorios ;  XIL  N 
ncl^  S.  oervicalis  primus. 


tt  flrf 
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,out  in  Chapter  XVIII,  there  is  some  dispute  as  to  the  exact  na- 
ture and  origin  of  these  head  cayities.  Whereas  many  observers, 
and  it  would  seem  the  majority  at  present,  look  upon  them  as  por- 
tions of  myotomes,  others  regard  them  as  corresponding  to  cut- 
off portions  of  the  body  cavity.  According  to  the  former  view, 
the  muscles  of  the  head  and  eyes  would  be  a  part  of  the  general 
skeletal  musculature,  while  according  to  the  second  view  they 
would  represent  portions  of  the  visceral  musculature. 

Assuming  for  the  moment  that  they  are  portions  of  the  skele- 
tal musculature,  and  have  their  origin  in  myotomes,  it  will  be 
interesting  to  refer,  if  only  briefly,  to  the  views  held  with  regard 
to  certain  details  of  their  development.  Most  observers  seem  to 
look  upon  the  *'  head  cavities  "  as  corresponding  to  the  ventral 
fields  of  the  myotomes,  the  dorsal  fields  having  disappeared, 
owing  to  the  great  extent  of  the  capsule  of  the  brain,  which,  on 
account  of  its  firmness  and  immobility,  makes  a  dorsal  muscu- 
lature superfluous  (Kollmann). 

The  relations  have  been  perhaps  best  studied  in  the  bony 
fishes  in  which  nine  cephalic  myotomes  are  distinguished,  four 
of  which  are  proximal  or  prootic — that  is,  lying  in  front  of  the 
auditory  vesicle — and  five  distal  or  postotic,  lying  behind  the 
auditory  vesicle.*  Thus  far  the  prootic  cephalic  cavities  have 
not  been  made  out  in  man  or  in  mammals,  although  it  is  not 
impossible  that  traces  of  them  may  yet  be  found.  The  relation 
of  the  individual  muscles  in  man  to  cephalic  myotomes  is  up  to 
the  present  time  largely  a  matter  of  speculation,  but  it  is  believed 
that  the  muscles  supplied  by  the  N.  oculomotorius  are  derived 
from  the  first  prootic  myotome  or  cephalic  cavity  (Fig.  589),  the 
mnscles  supplied  by  the  N.  trochlearis  from  the  second  prootic 
myotome,  and  the  muscles  supplied  by  the  N.  abducens  from  the 
third  mvotome. 

The  fourth  myotome  is  supposed  to  give  rise  to  the  muscles 
of  mastication  (Fig.  590),  the  M.  tensor  tympani  and  the  M.  ten- 
sor veli  palatini,  all  supplied  by  the  motor  part  of  the  N.  tri- 

♦  The  reader  is  referred  to  the  articles  of  Gegenbaur,  van  Wighe,  Rabl, 

Reuter,  Harrison,  Corning,  and  especially  to  the  publications  of  von  Kupffer, 

C,  Die  Entwickelung  von  Petrorayzon  Planeri.    Arch.  f.  mikr.  Anat.,  Bonn, 

Bd.  XXXV.  (1890),  S.  469-558.— The  Development  of  the  Cranial  Nerves  of 

Vertebrates.    J.  Comp.  Neurol.,  Cincin.,  vol.  i  (1891),  p.  246. — And  Studien 

zar  vergleichenden  Entwickeliingsgcschichte  der  Kranioten.    Manchen,  H. 

3,  1895. 
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geminus.  Tt  has  been  suggested  also  that  the  M.  mjlohroid 
and  the  anterior  belly  of  the  M.  digastricus,  on  account  of  ih 
innervation,  are  also  derived  from  the  fourth  cephalic  caritj. 


"  DtencefihaJM. 

-Extfnalkfer. 

-  Letu  reifWe. 
•SttimalhjffT. 


Fig.  589.— First  cephalic  cavity;  pnechordal  part  of  skull.  Laceita  virid*' 
twenty-eight  primitive  si^gmentM.  (After a  preparation  by  Coming?. fp*^ 
Kollmann's  I^hrbuch  der  Ent\('ickelungsg(>»chichte  des  Menschen.  Jem  ^ 
S.294.  Fig.  167.) 

The  myotome  corresponding  to  the  N.  facialis  gives  rise  to *»!» 
whole  musculature  of  the  face,  the  platysma,  the  M.  supediov 
the  M.  levator  veli  palatini,  and  the  M.  uvulae. 

The  ventral  processes  of  the  five  postotic  myotomes  (Ijiof  ^ 
the  chordal  part  of  the  head)  give  rise  in  the  bony  fishes  vA^ 
reptiles  to  the  muscles  of  the  tongue  (Fig.  591).  Thisbsf^ 
been  definitely  proved  in  man  and  mammals,  but  from  tk>^ 
havior  of  the  N.  hypoglossus  and  the  relations  of  this  nem^ 
the  muscles  concerned,  it  seems  likely  that  a  similar  origin*^ 
be  found  true  in  them. 

The  N.  accessorius  is  primarily  a  spinal  nerve,  and  the  sp 
tomes  corresponding  to  it  are  myotomes  of  the  trunk,  notffp^ 
myotomes. 

The  comparative  morphology  of  this  region,  so  importiE^  ^ 
the  proper  understanding  of  the  problems  of  cephalogewsi^ 
been  discussed  in  a  recent  paper  by  Furbringer.* 

♦  FQrbringer,  M.    Ueber  die  spino-occipitalen  Nervcn  der  Sc]iri»*i^ 
Holocephalen  und  ihre  vergleichende  Morphologie.    Fest5chrift^^ 
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be  comparative  morphology  of  the  cerebral  nerves  haa  been 
illy  studied,  by  Husley,  Gegenbaur,  Strong,  Ewart,  Herrick, 
ibury,  Pinkus,  Cole,  Allia,  E.  L.  Mark  and  his  aesociatee, 
thers. 

lie  seems  a  suitable  place  to  mention  the  ideas  which  have 
ieveloped,  especially  by  American  morphologists,  concerning 
mponents  of  the  peripheral  nerves.  In  this  connection  the 
ches  of  Strong,  Herrick,*  Shore,  Cole,  Kingsbnry,!  Johns- 
and  others  may  be  referred  to. 


lese  investigators  recognize  iu  a  typical  spinal  nerve  {in  the 

ostome  vertebrates)  four  different  components: 

)  A  somatic  motor  component  originating  in  the  ventral 

cells. 

)  A  somatic  sensory  or  general  cutaneous  component,  the 

s  terminating  in  the  dorsal  horn. 

)  A  visceral  motor  component. 

)  A  visceral  sensory  component.     The  exact  central  rela- 

of  the  visceral  components  have  not  yet  been  satisfactorily 

id  out,  though  the  general  opinion  seems  to  be  that  the  scn- 

-eipa.  (1897).  S.  3S1-788.  Herrick  has  published  a  full  review  of  this 
ttigether  with  tables  illustrating  the  metamerism  of  tlie  s[)inal  awl 
.1  nerves,  in  the  Journal  of  Comparative  Neurology,  vol.  vii  (1898),  pp. 

errick,  C.  J.     The  Cranial  Nerves  of  (he  Bony  Fislies.    J.  Comp. 

.  Oraiiville,  vol.  viii  (1808).  pp.  16S-170. 

ingsbury,  B.  F.     The  Encephalic  Evagination  in  Ganoids.     J.  Corap. 

,  Granville,  vol.  vii  (1867),  p.  37. 

hnston,  J.  B..   Anat.  Anz.,  Jena,  Ril.  xiv  (1806),  S.  32-33. 
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iiflljih  iif  fhi'  inii«'l«*»»  of  IIm'  t<mKU«'-       AfKT  <  MminjE.  taken  frt^  J.  £<- 
iii«nfi'»  U'lirlmrh  iliT  Knlwi<k«liinKHg«^*Hichte  dt-»  M^ti^riMra.  JrzBL  I*-* 

^rfMi|M.  In  thi^  Kpiiml  cord  it  is  believed  that  both  sorts  of  fibm 
firn  ri'liit<*(l  to  till*  rolumna  in  termed  ialis  or  region  oftbewrca 
liitrmhs  ilin  motor  (ibn»H  in  nil  probability  arising  there,  Midi» 
MiMiMory  llbtvK  t(>rminiiting  there. 

Ilrrrick,  in  Iuh  ntudv  of  the  cerebral  nerves  of  the  bonvfiii** 
HlutoH  thilt  in  tin*  rt«n»bnil  nerves  these  four  components  are  p«^ 
4«nti  and  in  uddition  a  fifth  component,  the  so-called  aenstKM^ 
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lateral.  The  aomatic  motor  component,  for  example,  is  repre- 
sented bj  the  motor  nerves  of  the  eye  muacles,  the  somatic 
sensor;  or  general  cutaneous  component  bjr  the  general  sensory 
fibres  of  the  nervus  trigemious  and  the  nervus  vagus.     The 


US.  thm. 

FlO.  S9S.— Adi&KtamiuBticTicWDf  theHpnBurT-roiuponeDteof  thererEbral  ni^rvM 
of  Menjdis,  an  seen  fYom  the  right  Hide.  The  diagnin  is  based  upon  a  pro- 
Jwtioti  of  the  <-er«bi»l  iii'rvm  upon  Ihu  HBgillal  plane  inwle  by  refoDBtructioa 
fruni  atrial  sei'tiuuB.    Thr  gt'ni'ral  euttniLiius  eunipotient  is  indicated  by  the 


and  the  a 
Sou    ■      ■ 


iru-lateral   i: 

viii,.,     ■    ■ 


II  black. 


br.g.X.  the  gaiiKlia  of  the  four  hniiieh  „ __ 

containing  alHo  the  ipinglion  nf  llie  r.  iiitestinalig :  i.l.g.VII,  the  doi^ 
lateral  line  gaOKlion  of  tbe  si-veuth  nerve ;  f.e..  fiwciculus  commnnis :  (lai.g., 
Oaiwrian  ganglion:  gn.g.VII,  genieulatr  tiangliun  of  the  seventh  nerve; 
IX.  the  RluBso-piiiitTngeal  nerve  and  its  ganglion  :  Jng.g,  the  general  ruta- 
neous  ganglion  uf  Uie  vagus  rn-rve  (jugular  s.  of  Shore  and  Stroug) ;  loh.X, 
the  lobUH  vagi :  n.I.  the  oirurtory  nerve;  n.//.  the  optic  nerve:  r.tnl.dort.X, 
raniuH cutaneug  dursalia  of  the  vagUH;  r.iiitnl.X,  raniDS  intcalinalis  of  the 
vagus :  r.lal.X,  tamUH  lateralis  iit  the  vagux  ;  r.opk.iHo,  1'.  ramus  ophthalmivoa 
auperfii'ialia  trigemini :  r.nph.mp.  I'll,  ramus  ophthalniieus  superficialis  fkei- 
Blis:  r.irf.,  ramus  oticua:  r.pal.,  naaun  pilatinaii  bcialia ;  r.rec.l'll,  ramua 
rerurrens  &cjaliii:  r.it.X,  ramus  suprulemporalis  I'agi :  r.  I'llp-t,  ramus  pre- 
trematiciw  fiMlalis:  ip.V.I.  traelua  spinalis  nervi  trigemini'  t.a,  the  tuber- 
culuni  aeusticum  ;  (.Hit.  tmiii.'Us  hyomandibularis  of  the  facial  nerve :  l.inf, 
infra-orbital  trunk,  containing  the  r,  mandibularin  V.  the  r.  maiMlaris  V.  and 
the  r.  buecalis  VII,  together  with  communis  fibres  :  VIII.  the  eighth  nerve  ; 
r.l.g.  VII.  the  ventral  lateral  line  ganglion  of  the  seventh  ner\'e. 

visceral  motor  component  corresponds  to  the  motor  fibres  of  the 
other  cerebral  nerves,  and  these  fibres  leave  the  brain  by  dorsal 
roots  to  become  distributed  to  the  branchial  musculature.     The 
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visceral  sensory  componeDt  as  well  as  the  visceral  mote 
ponent  is  very  largely  developed,  and,  according  to  Hei 
represented  by  the  communis  system  of  the  nervus  vagua, 
glossopharyngeus,  and  nervus  facialis.  The  fibres  of  thi 
ponent  terminate  either  directly  or  by  mediation  of  the  fac 
communis  in  the  vagal  lobe  which  corresponds  to  the  ] 
alsB  cinereae  of  higher  forms.  The  communis  system  of  ti 
itself  differs  from  the  corresponding  visceral  sensory  systen 
trunk  in  that  it  receives  fibres  from  the  taste  buds  and  froi 
sense  organs  not  belonging  to  the  system  of  the  lateral  lin 
the  acustico-Iateral  system  is  meant  the  structure  which  r 
fibres  from  the  ear  and  from  the  organs  of  the  lateral  lii 
no  other  fibres.  These  fibres  in  the  bony  fish  terminate 
ently  together  in  the  tuberculum  acusticnm.  The  motor  fil 
the  unstriped  visceral  musculature  pertaining  to  the  cerebral 
are,  like  those  in  the  spinal  nerves,  very  small,  while  those  1 
striated  visceral  musculature  of  the  branchial  arches  and  f 
somatic  eye  muscles  are  large.  The  fibres  of  the  acustico-J 
system  are  of  two  sorts ;  those  from  the  organs  of  the  laten 
are  usually  large,  while  the  auditory  fibres  are  of  medinm  si 

The  general  cutaneous  fibres  are  usually  of  small  ^ 
medium  size,  while  the  visceral  sensory  system  (or  coma 
system  of  the  head)  consists  of  very  small  fibres.  In  ¥1$- 
is  reproduced  the  diagram  which  accompanies  Herrick*sart 
and  which  illustrates  the  relations  of  the  sensory  compcHM 
in  the  cerebi-al  nerves  of  Menidia. 

The  various  groups  of  motor  neurones  corresponding  toi 
individual  motor  cerebral  nerves  may  now  be  properly  consiilff 
somewhat  more  in  detail. 

1.  ThoM  the  Azonea  of  whioh  belong  to  tlie  V.  Bjyt%\amu 

Those  corresponding  to  the  N.  hypoglossus  hare  tkir** 
of  origin  in  the  so-called  nucleus  N.  hypoglossi.  This  consi*^ 
a  gray  column  some  eighteen  mm.  long,  from  one  totwc* 
broad,  and  about  one  mm.  in  thickness.  It  corresponds  t«^ 
continuation  upward  into  the  medulla  oblongata  of  tbenif'i* 
portion  of  the  ventral  column  of  gray  matter  of  the  spin*!  ^" 
In  its  lower  part  it  lies  ventral  to  the  central  canal  of  thentf^^ 
oblongata.  Above,  the  column  is  thicker  and  is  situated  b**** 
the  floor  of  the  fourth  ventricle  adjacent  to  the  sulcus  mf^ 
on  either  side.     It  extends  anteriorly  as  far  as  the  repon  &  '•* 


Fig.  593. — Diagram  prepared  by  Mis  F.  Sabin  from  a  series  of 

the  brain  of  a  new-lMm  babe,  showing  the  nuclei  of  the  cerebfal  ttern»ia 
the  area  of  exit  and  of  entrance  of  the  roots  of  the  cerebral  nerretf  in  fai  p^ 
jet'tion.     a,  line  of  lateral  edge  of  fourth  ventricle  :  d,  <l,  <i.  <!.  forea  iaiffw 
e,  fovea  superior:  g,  lateral  surface  of  rhombencephalon  ;  ///.,  aira  rfeis* 
N.  oculomotoriuK ;  IV.,  area  of  exit  of  N.  trochlearis  ;  I'.,  area  of  exiiiB** 
trance  of  N.  trigeminus ;  VI.,  area  of  exit  of  N.  abducens :  I'//.,  aiw  of  rc^ 
N.  facialis;  VI 1 1,  (coeh.  >,  area  of  entrance  of  N.  (Cochleae  ;  VIIL  '  weitA.,i» 
of  entrance  of  N.  vestibuli :  IX.  and  X,  area  of  entrance  of  X.  gl«(wpb:7> 
geus  et  VMgus;  XL,  area  of  exit  of  N.  accessorius ;  A'//.,  area  of  exit  af  V 
hypoglosHUs;  Xh.u.III.,  nucleus  N.  oculo-motorii  :  A'lt.n./r.,  nudeo^  X.owt- 
learis ;  Su.n.  V.{  m.p. »,  nucleus  motorius  princepa  X.  trigemini ;  -Yb.*.  TL » 
cleus  X.  abduceutis ;  A'li.w.  VII.,  nucleus  N.  fiuMalis  ;  A'w.u.,  naclens  amfaisBK 
Nu.a.c,  nucleus alfeciDert« :  .Vi».«.r.»..  nucleus  N.  vestibuli  medialis :  .V«j-»j- 
nucleus  N.  vi^tibuli  soperior;  Su.n.r.l.,  nucleus  N.  vestibuli  lateralis  •  IVifc* 
Aji.n.f^.d., nucleus  N.crochlciBdoTsalis ;  iVa.a.c.r.,  nucleus  N.  eochk«  vt-anp 
Nu.H.XIL,  nucleus  N.  hypoglossi ;  i?.d.n.f., radix  descendens  mesenctybshn 
N.  trigemini :  R.d.n.v.,  radix  descendeus  N.  vestibuli  ;  S.g.,  substantia  pic- 
nosa;  T.  not.,  tractus  solitarius ;  Tr.it.n.t.,  tnictus  spinalis  N.  trigemini:  r<^ 
ventral  horn  cells.    The  numbers  to  the  left  of  the  diawipi;  indicate  appivxi- 
mately  the  levels  of  the  corresponding  transverse  sections  lepresptttrd  W 
Figs.  308  to  317. 

The  plane  of  the  sections  from  which  this  diagram  was  made  is  not  qoitp  tna^ 
verse  but  somewhat  oblique;  the  donal  surface  of  the  medulla  ha»  kn 
struck  by  the  knife  more  cerebralward  than  the  ventral  sar&ce,  the  aacv 
formed  by  the  plane  of  the  section  with  tlie  longitudinal  axis  bi'ing  appa- 
mately  seventy  degrees,  as  measured  on  the  cerebral  side.  This  acrvoafc  6» 
the  evident  (slight)  displacement  cerebralward  of  the  stnictures  in  the  as- 
tral portions  of  the  sections  as  compared  with  those  in  the  dorsal  puitiuaii 
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connection  with  the  N.  hypoglossus.  The  group  of  i 
lying  just  medial  to  the  hypoglossal  nucleus  in  its  i 
continues  with  a  mass  of  cells  running  longitudinallj ;  i 
of  the  fourth  ventricle  is  the  so-called  nucleus  funic 
On  its  lateral  side  and  between  it  and  the  nucleus  alse 
situated  an  anterior  group  of  small  nerve  cells,  the  nu 
cdlato  of  Staderini. 

The  cells  in  the  nucleus  N.  hypoglossi  are  typical  m 
Their  axones  pass  ventral  ward  and  slightly  lateral  wa 
partly  after^  perforating  the  medial  accessory  olive,  and  < 
tions  of  the  nucleus  olivaris  inferior,  partly  by  passing 
the  nucleus  olivaris  inferior  and  the  medial  accessory  oliv< 
on  the  surface  of  the  medulla  oblongata  in  the  sulcus  latej 
tralis,  appearing  in  the  form  of  from  ten  to  fifteen  fila  rad 
A  few  fibres  may  pass  from  the  nucleus  of  one  side  thro 
raphe  into  the  nerve  of  the  opposite  side;  but  this  is  dis] 

The  fibres  are  coarse  and  much  branched,  and,  accoi 
van  Gehuchten  and  Ramon  y  Gajal,  may  extend  even  as  h 
nucleus  of  the  other  side  so  as  to  form  a  definite  proto 
commissure. 

The  nucleus  N.  hypoglossi  receives  from  its  lateral  and 
surfaces  an  enormous  number  of  collaterals  and  terminals, 
which  are  sensory,  while  part,  in  all  probability,  represent 
coming  from  axones  higher  up  in  the  nervous  system  (p 
fibres  of  the  pyramidal  tract).  The  sensory  fibres  app 
have  their  origin  from  the  axones  of  cerebral  sensory  ne 
both  of  the  first  order  and  of  the  second  order  (Fig.  594). 

In  the  embryo  the  N.  hypoglossus,  like  the  spinal  ner 

; J- J  ii.\.   _   J 1 *.  —  J -  -1^ —  -• 
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than  five  myotomes.  Thua  far,  however,  only  two  seuaory  gan- 
glia and  dorsal  hypoglossal  roots  have  been  observed  in  higher 
animaU  (in  the  cat  by  P.  Martin) ;  in  man  a  single  hypoglossal 
ganglion  (Froriep)  has  occasionally  been  observed,  but  only  rarely. 


le        Itain6ii       ^a    Bp   rag 
tiBn  Lop        89a'5  Ff 

N     hypoK  t»  d       ••« 

rac       BO  tanu      £         ra  nt  h 
1         b       tern   n      flhre         N    vagu 
foTmed  by  colluterals  ur  liypoRlossul 
>a  of  the  second  urdei  for  the  nucleus 


The  upper  motor  neurones  bringing  the  nucleus  nervi  hypo- 
?I  «=>3si  under  the  influence  of  the  pallium  will  be  described  further 
**"*  -  The  nucleus  N.  hypoglosai  is,  of  course,  of  especial  clinical 
*»  't-erest  on  account  of  its  connection  with  disturbances  of  speech. 

3.  Xliow  tkB  Azonw  of  whlob  balong  to  tlu  IT.  Aooeworitu. 
The  lower  motor  neurones  corresponding  to  the  N,  accesso- 
■  *  ~^J&  are  usually  described  aa  being  partly  apinal,  partly  cerebral, 
^^*       origin. 
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Embryological  studies  warraut  the  conclusion  that  o 
the  nervus  accessorius  is  distinctly  a  spiua)  nerve,  its 
conDections  being  made  only  secondarily.  This  is  pn 
only  by  iuvestigationB  on  its  nucleus  of  origin  inside  tin 
nervous  system,  but  also  by  the  fact  that  it  innerratee 
which  have  their  origin  in  myotomes  belonging  to  thi 
Budimeniary  ganglia  have  been  observed  upon  it  by  Chii 

The  so-called  cerebral  part  of  the  N.  accessorius  in  al 
bility  belongs  to  the  N.  vagus. 

FaicieiUiit  ipaciUt. 
Subttanlia  gelalii  i 
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Fio.  S95.— Transverse  section  UinHitth  one  nide  of  central  nerrou*  sji*n»  i 
bom  tabc  at  junction  of  pars  otrviralis  mixtullte  gpinHlis  with  lit « 
□blonmilA.  NhciwJnR  the  N.  ai'cei«>riiui.  <WeJtKrt-PBl  pivpftnlion  bj& 
Rrwettwn,  drawing  by  A.  Karsliilj 

In  the  spinal  cord  the  cell  bodies  of  the  neurones  perti 
to  the  N.  accesBorine  are  situated  in  the  lateral  horn,  wbeit 
form  a  part  of  the  so-called  columna  intermedio-latenlii- 
nnclens  is  usitally  described  as  beginning  at  the  level  of  orir 
the  fifth  cervical  nerve,  and  extending  as  far  as  the  joiica 
the  lower  with  the  middle  third  of  the  nucleus  oUvarit  inl' 
of  the  oblongata.  The  medullated  axones  arising  from  tbe^ 
bodies  pass  lateralward  with  a  sharp  bend  to  find  their ra'f 
the  sulcus  lateralis  of  the  cervical  cord  {Fig.  595).  Von  H^ 
distinguishee  sharply  between  the  spinal  portion  of  tbeK*'* 
sorius  and  the  cerebral  portion.  All  those  root  bundles  Wi 
exit  ventral  from  the  tractus  spinalis  nervi  trigemioi  hi  '* 
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-  with  the  spinal  part,  but  all  root  bundles  situated  higher  up  or 
passing  through  the  tractus  spinalis  nervi  trigemini  he  speaks  of 
as  being  accessory  to  the  neryus  vagus. 

8.  TlMM  file  AxoBM  of  whioh  btlong  to  flie  N.  Ymgvm  and  N.  OloiMpliiryiigoiu. 

The  lower  motor  neurones  corresponding  to  the  N.  vagus 
and  the  N.  olossopharynoeus  possess  axones  which  arise  from 
^  the  cell  bodies  situated  in  the  nucleus  ambiguus  and  possibly  in 
other  masses  of  gray  matter  in  the  medulla  oblongata.  This 
nucleus  ambiguus  lies  dorsalward  from  the  nucleus  olivaris  acces- 
s"  sorius  dorsalis,  medial  to  the  tractus  spinalis  nervi  trigemini,  in 
1^  the  formatio  reticularis.  It  is  difficult  to  make  out  in  ordinary 
T  Weigert  preparations,  but  is  beautifully  demonstrable  in  Nissl 
preparations,  where  it  is  seen  to  consist  of  a  group  of  typical 
multipolar  stichochrome  motor  cells.  The  nucleus  ambiguus 
extends  a  little  more  .  anteriorly  than  does  the  nucleus  nervi 
hypoglossi.  The  axones  from  the  cells  situated  in  the  nucleus 
do  not  form  a  compact  bundle,  but  pass  out  as  separate  fibres 
from  the  cells  in  a  dorsal  direction  in  order  to  reach  the  plane  in 
which  are  situated  the  entering  axones  of  the  peripheral  sensory 
neurones  of  the  N.  vagus  and  the  N.  glossopharyngeus.  Then 
they  turn  sharply  lateralward  and  ventralward  to  pass  out  of  the 
medulla  oblongata  at  the  sulcus  lateralis  dorsalis  in  common 
with  the  entering  sensory  portions  of  the  nerve.  In  the  nucleus 
ambiguus  terminate  a  number  of  fine  meduUated  axones  and 
collaterals  which  correspond  to  (I)  fibres  from  the  cerebral  sen- 
sory neurones  and  (2)  fibres  from  motor  neurones  which  throw 
the  nucleus  ambiguus  under  the  influence  of  higher  centres. 

The  nucleus  ambiguus  corresponds  to  the  lateral  horn  of  the 
spinal  cord.  The  N.  vagus  and  N.  glossopharyngeus  are  typical 
branchial  arch  nerves,  but  their  exact  neurotome  relations  are 
still  obscure. 

4.  Thooo  fho  Axonoi  of  whidi  bdoBg  to  the  N.  FMimlii. 

The  lower  motor  neurones  corresponding  to  the  N.  facialis 
have  their  cells  of  origin  in  the  nucleus  nervi  facialis,  which  is 
situated  in  the  pars  dorsalis  pontis  just  anterior  to  the  junction 
of  the  medulla  oblongata  with  the  pons.  This  nucleus  corre- 
sponds to  the  columna  in  termed  io-lateralis  of  the  spinal  cord.  It 
is  essentially  the  nerve  of  the  hyoid  arch — the  same  arch  which 
in  the  embryo  yields  a  part  of  the  hyoid  bone,  the  styloid  process, 
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the  stylohyoid  mascle,  the  posterior  belly  of  the  digastr 
the  small  muscles  of  the  ear,  the  whole  of  the  muse 
face,  the  platysma,  etc.  An  unusual  iuterest  pertains  U 
rones  corresponding  to  the  N.  facialis,  since  it  is  they  tl 
the  muscles  of  facial  expression.  The  cell  bodies  of 
rones  here  concerned  are  typical  multipolar  stiehochro 
cells,  easily  recognizable  as  a  large  group  (Fig.  596)  in  th( 
reticularis  medial  from  the  tractus  spinalis  nervi  trige 
dorsal  from  the  corpus  trapezoideam.  The  medullat€ 
from  the  cells  of  this  nucleus  pass  as  separate  fibres 
compact  bundle)  dorsalward  and  somewhat  medialwa 
prima)  toward  the  floor  of  the  fourth  ventricle.  TJ 
bend  and  run  anteriorly  along  the  floor  of  the  fourth 
dorsal  and  medial  to  the  nucleus  nervi  abducentis,  a 
again  turn  lateralward  to  plunge  ventro-laterally  in  the  f 
compact  bundle  (pars  secunda)  to  their  phice  of  exit  i 
rhombencephalon,  passing  between  the  nucleus  olivaris  i 
and  the  tractus  spinalis  nervi  trigemini.  The  double  b 
neath  the  floor  of  the  fourth  ventricle  is  known  as  i\ 
nervi  facialis. 

It  would  appear  that  a  certain  number  of  the  root  fi 
the  nervus  facialis  of  each  side  have  their  origin  in  the  i 
nervi  facialis  of  the  opposite  side,  the  decussation  taking  p 
the  raphe  dorsal  to  the  fasciculus  longitudinalis  medialis  (.' 
Obersteiner,  Cramer).  In  the  nucleus  nervi  facialis  ten 
many  axones  and  collaterals  from  cerebral  sensory  neoroi 
the  first  and  probably  of  higher  orders,  and  also  axones  an 
laterals,  throwing  the  nucleus  under  the  influence  of  motor 
rones,  the  cell  bodies  of  which  are  situated  higher  up  in  the 
tral  nervous  system. 

It  is  customary  to  speak  of  a  "  lower  facial"  and  an  **n 
facial "  nerve.  The  so-called  "  upper  facial "  is  the  part  w 
innervates  the  M.  frontalis  and  the  M.  orbicularis  oculi; 
"  lower  facial "  innervates  all  the  other  muscles  which  m 
their  nerve  supply  from  the  N.  facialis.  The  principal  lii 
ture  on  this  topic  is  referred  to  in  an  article  by  Bregmana* 
certain  paralyses  the  muscles  innervated  by  the  "  lower  f«c 
may  be  paralyzed,  those  innervated  by  the  "upper  facial "•»• 


♦  Brcgmann,  L.  E.     Ueber  Diplegia  facialis.    Neurol.  Centnlb^l^ 
Bd.  XV  (1896),  S.  242-248. 
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scarcely,  if  at  all,  affected  (so-called  aapraiiQclear  psnh^  2 
other  forms  of  paraljsLs  all  of  the  mnsdes  inncrraacd  ^'at\ 
facialis  may  be  equally  paralyzed — as,  for  exampfe, 
involring  the  N.  facialis  at  iu  exit  from  the 
All  attempts  made  to  locate  separate  ^roape  ci  lows 
neurones  corresponding  to  the  ^  upper  faciid  ***  and  ^  love  fx^' 
have  thus  far  been  unsuccessful,  thoogh,  9s  we  sliaO  see.  213 
cerebral  cortex  these  two  functional  groops  mre  sepaniieh  rs^ 
sented. 

».  TlMM  tte  AaMM  of  whkk  bilM^  t»  tte  V.  HI 

The  lower  motor  neurones  corresponding  to  the  X.  abbphs} 
have  their  cell  bodies  and  dendrites  sitoated  in  the  nncks&Bfi^ 
abducentis  in  the  pars  dorsalis  pontis.  This  nncleit&.  msn  <r 
less  spherical  in  shape,  lies  close  beneath  the  floor  of  the  fimn 
ventricle,  being  partly  surrounded  by  the  genu  nerri  ba^ 
The  cells  and  their  dendrites  have  all  the  characteristies  vte 
we  have  seen  so  often  in  other  groups  of  lower  motor  nearooft 
The  medullated  axones  pass  ventralward  and  slightlj  spa^ 
ward,  plunging  through  the  formatio  retiealaris  and  ooqtf 
trapezoideum  medial  to  the  nucleus  olivaris  superior.  Tba 
plunging  farther  through  the  pars  basilaris  pontis^  they  ost< 
their  exit  from  the  rhombencephalon  just  a  little  antericv  to  tk 
junction  of  the  medulla  oblongata  and  pons  in  the  form  of  froa 
fifteen  to  eighteen  fila  radicularia.  In  leaving  the  nucleus  tk 
axones  go,  in  the  main,  from  its  dorso-medial  border.  Aceorf- 
ing  to  van  Gehuchten,  who  has  studied  the  chick  thoroogbif 
with  Golgi's  method,  a  certain  number  of  fibres  of  the  X.  abdi- 
cens  on  each  side  arise  from  cells  close  to  the  nucleus  ntm 
facialis.  The  axones  bend  around  and  join  the  main  bundl«s  d 
fibres  from  the  principal  nucleus.  This  accessory  mass  of  cdk 
which  has  also  been  seen  by  Lugaro,  is  referred  to  by  na 
Gehuchten  as  the  "  ventral  nucleus  of  the  sixth  nerve." 

In  the  nucleus  nervi  abducentis  terminate  axones  and  col- 
laterals from  various  sources :  (1)  from  the  peripheral  cerebn^ 
sensory  neurones ;  (2)  from  the  cerebral  motor  paths ;  (3)  fn* 
the  nucleus  olivaris  superior  (cf.  auditory  nenrones  of  the  second 
and  higher  orders) ;  and,  especially,  (4)  from  the  fasciculus  loop* 
tudinalis  medialis.  By  means  of  the  collaterals  from  the  Uutf 
bundle  the  nucleus  nervi  abducentis  is  in  all  probability  broag*'^ 
under  the  influence  of  the  superior  colliculus  of  the  corp« 
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quadrigemina,  and  the  iunervatiou  of  the  rectus  lateralis  muscle 
of  the  eve  is  such  as  to  lead  to  movements  co-ordinated  with 
those  of  the  other  eye  muscles  (especially  the  rectus  medialis) 
which  are  innervated  hy  the  nervus  oculomotorius  and  the  ner- 
7us  trochlearis. 

6.  Those  the  Axonet  of  whieh  belong  to  the  N.  Trigeminiis. 

The  lower  motor  neurones  corresponding  to  the  motor  part 
3f  the  N.  TRIGEMINUS  may  be  divided  into  two  groups:  (1) 
bhose  having  their  cell  bodies  of  origin  in  the  nucleus  motorius 
princeps  nervi  trigemini,  and  (2)  those  having  their  cell  bodies 
3f  origin  in  the  nuclei  raotorii  minores  nervi  trigemini. 

The  nucleus  motorius  princeps  nervi  trigemini  {noyau  mastico' 
teur  of  the  French  authors)  is  situated  in  the  pars  dorsalis  pontis 
just  a  little  anterior  to  the  nucleus  nervi  facialis  and  the  nucleus 
nervi  abducentis  (Fig.  597).  It  lies  medial  to  the  main  mass  of 
ixones  of  the  peripheral  sensory  neurones  of  the  trigeminus  as 
!;hey  plunge  into  the  pars  dorsalis  pontis.  The  nucleus  is  a  large 
3ne,  and  in  Nissl  preparations  it  is  seen,  like  the  other  motor 
nuclei  of  the  rhombencephalon  and  of  the  spinal  cord,  to  contain 
I  large  number  of  typical  multipolar  stichochrome  motor  cells. 
The  medullated  axones  of  these  cells,  joined  by  the  medullated 
ixones  of  the  nuclei  motorii  minores  nervi  trigemini,  to  be  pres- 
ently described,  form  the  motor  portion  of  the  nervus  trigeminus 
[Fig.  598).  The  motor  root  fibres  easily  distinguishable  from  the 
entering  sensory  axones  pass  obliquely  out  of  the  pons  to  become 
listributed  entirely  through  the  nervus  maudibularis  (Fig.  599), 
>r  third  portion  of  the  nervus  trigeminus,  to  the  muscles  of 
nastication.  A  certain  number  of  axones  from  the  cells  of  the 
lorsal  motor  nucleus  of  one  side  pass  to  the  motor  portion  of 
he  nervus  trigeminus  of  the  opposite  side  (Obersteiner,  Ed- 
nger,  Bruce),  the  decussation  taking  place  in  the  dorsal  part 
>f  the  pars  dorsalis  pontis. 

In  among  the  cell  bodies  and  dendrites  of  the  principal  mo- 
;or  nucleus  of  the  nervus  trigeminus  terminate  many  axones  and 
collaterals  (1)  from  the  cerebral  sensory  neurones  of  the  first 
md  of  higher  orders,  and  (2)  doubtless  from  the  upper  motor 
leu  rones. 

The  nuclei  raotorii  minores  nervi  trigemini  contain  the  cell 

K>dies  and  dendrites  of  the  neurones,  the  axones  of  which  form 

he   radix   descendens   (mesencephalica)   nervi   trigemini.     The 
61 
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I3  which  form  these  nuclei  are  vesicular  rather  than  stellate ; 
sir  dendriteB  are  rudimentary  (Lugaro,  Ram6u y  Cajal).  Their 
anes  descend,  giving  off  many  coUateraU  on  the  way,  some  of 
lieh  always  enter  the  nucleus  motorius  princeps  nervi  trigemini. 
le  cells,  as  described  by  Ramon  y  Cajal,  form  a  column  which, 
jcending  from  the  region  of  the  corpora  quadrigemina,  passes 
liquely  over  the  brachium  conjunctivura,  growing  larger  in  size 
the  nucleus  princeps  is  approached.  The  axones  of  these  cells 
!  of  large  calibre  at  their  origin,  and,  gradually  growing  more 
licate,  run  along  with  those  of  other  cells  in  a  curved  longi- 


Radix  dttcentlrnt 


■^•"j.rti.- 
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aBn  f<etu9.     {After 


linal  bundle,  which  increases  in  volume  as  it  descends  (radix 
icendens).     Before  the  axones  of  the  descending  roots  reach 

nucleus  princeps  thej  undergo  a  plexiform  arrangement, 
jreby  they  are  distributed  between  groups  of  spherical  cells, 

finally  the  bundles  of  the  descending  root  become  mixed  up 
1  the  cells  of  the  nucleus  princeps  {Fig.  COO).  Kamon  y  Cajal 
SB  that  the  extremely  complex  plexus  of  fibrils  among  the 
1  of  the  nucleus  princeps  arises  almost  exclusively  from  the 
finals  of  collaterals  given  off  by  the  fibres  of  the  descending 
He  suggests  that  these  collaterals  may  be  of  the  greatest 
biological  importance,  and  suggests  that  the  absolute  coinci- 
i«  in  point  of  time  of  the  movements  of  the  masticatory  mns- 

might  be  explained  by  the  view  that  the  voluntary  excitation 
xved  by  the  nuclei  minores  is  transferred  by  means  of  these 
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oc/llatenls  to  the  oenre  oells  <^f  ti»eBe  3xon^j  .as:  wi^  sea 
nacLetii  pniM^p&.  U«  thinks  tint  t^Msse  ji^id  cvLber  fSLiomifiWB 
it  seem  likelj  thai  the  or^lktenls  of  ibe  sDotor  3*chis&.  anc  ima 
tboie  of  erenr  mxoiie«  have  tbe  f  nnctioci  of  ditariaiuMiig  ^st  ^- 
tAtion  reoeired  from  a  an^e  oelL  or  iroaa  a  smal  sanflrt 
celUi,  among  all  the  cells  of  tbe  eune  zis^nkm^  iv  is  a  pn  i 
Mmilar  ceil  elements  sitoatad  in  diff«B%zix  vc^{b&  f£  "ait  rv! 


I^»  ophihalm/cus. 


iit^»«i  vii|(«^'"««>«« ,  *'•'. ..»./".  ...  r .,  — ,  pnnoeps  nervi  tnge^iM 

Rtid,  tUMc,  me».  n.  K.,  radix  desceiidens  [mesencephalifa]  nervi  trifrmi&i:  ^ 
Bp,  N.  r.,  tmctufl  HpinaliH  nervi  triKemini. 

substance.  Accordingly,  the  nervous  excitation,  feeble  in  tbf  !»• 
ginning  as  it  comes  out  from  one  cell,  would,  in  proportion  totk 
number  of  neurones  intercalated,  grow  and  attain  to  its  greitert 
effect  at  the  beginning  of  the  exit  of  the  motor  root  If  ^ 
stimulus  of  the  voluntary  excitation  is  transferred  exclii«Trij<9 
one  muscle  or  one  group  of  muscle  bundles,  then  the  collftten^ 


Flo.  eOO.— Frontal  spction  through  the  brain  stem  of  a  ftBtal  mouge.  (AfWr  9. 
BamAn  y  C^jal  Beitrag  zum  Stuiliiiiii  dir  Medulln  Oblongata,  etc.,  Brraler, 
Leipx.,  1896,  S  IS  F  g  4  A  nurleus  niiitonuB  pnTii^epB  N.  trigemiDi ;  A. 
radix  iiiatAriug  N  tn^in  nl  C  lower  portion  of  niiclti  motorii  minona  N. 
triKCinini :  D  uppirpurtion  of  nuclei  mmores  near  the  fourth  ventricle  (.R): 
F.  r»di»  EwniHinuB  tJ.  triKemmi  G  biwhmm  coigunctivuin ;  H,  bundle  of 
dtxccnding  aiont:B  from  hrHchium  rniijuni.tivuin  a  cellsof  nucleUBmotorius 
priiiceps;  ft.  senwiry  riillakrsb  through  the  sulmtantia  gelatiiiosa  of  the 
trigeminus ;  c,  axone  of  »eninry  InmiulDiil  neurone  of  the  wieond  order ;  d, 
Betisory  eoHatcrals  which  appear  to  enter  the  nucliUH  motoriua  princeps;/, 
fine  eollHleralii  from  the  axone«  of  the  nuclei  minurett ;  i.  pear-shaped  cell ; 
j,  roll  without  dendrites ;  f.  coarne  limbs  of  bifurcation  of  the  aionefl  in  the 
radix  defK^ndeiiH  < meHencephalieai  N.  triReniini  with  branch  inside  the 
nucleua  motoriUK  prince pe. 


*  #        •  » 

Trie  lover  motor  De^m^ries,  cv«rnB^»i2idix^  i.^  ^^iii-  X.  Ti:*3 
LEAKI*.  or  foonh  cerebnl  nerre,  naj  nexx  be  •5*:scrzi«d  Tj? 
ce]i  bodiei  and  dendrites  of  tlkeae  De«£r«>sfees  f<c»ra 
iiucleuj  nerri  trochiearis,  wbk-h  is  to  be  aee^n  in 
in;^  throo^h  the  isthmas  rhombeQcephali  ms^  izler^js  «i-i.^s 
(Fig- 001 1. 

The  eel  If  are  typical  maldpolar  edchoeliroiiie  mosarttiLkiBC 
the  Docleui  forms  a  spherical  nodule,  vbicb  bes  vemni  U'  is 
aqueduct  of  Sylrias  in  a  trough  on  the  dorsal  sor&ee  of  thefK- 
cic'ulug  longitndinaiis  medialis,  somewhat  posterior  to  the  ipc^ 
extremity  of  the  nucleus  nerri  ocnlo-motoiiL  In  Weigcn  pRfi* 
rations  many  fine  medullated  axones  can  be  seen  fMssinir  frm 
the  ref^ion  of  the  fasciculus  longitodinalis  medialis  into  the  Et 
cleus  nerri  trochlearis.  Through  theae,  in  all  prohahOitT.  tk 
actirities  of  the  nucleus  nerri  trochlearis  mre  co-ordinated  t:u 
those  of  the  other  eye-muscle  nucleL  It  is  likelr  that  the  nack^ 
also  receives  axones  and  collaterab  from  peripheral  cerebnl  sesr 
sory  neurones  and  from  neurones  which  throw  this  nndmsna^ 
the  influence  of  the  pallium. 

The  medullated  axones  from  the  cells  of  the  nucleus  nerr 
trochlearis  pass  out  of  the  nucleus  mainly  from  its  dorsil  lo^ 
lateral  surfaces.  They  curve  lateralward  and  dorsal  ward  thiwrf 
the  stratum  griseum  centrale  until  they  reach  the  level  of  tk 
radix  descendens  nervi  trigemini,  when  thej  make  a  tolen^ 
sharp  turn  spinal  ward  and  run  for  a  short  distance  longitodinsll' 
backward,  so  that  in  transverse  section  the  root  bnndle,  or  sNse 
times  two  or  three  root  bnudlea,  are  met  with  in  cross  section  <* 
each  side.  Having  reached  the  level  of  the  velnm  mednllareisff- 
rius,  the  fibres  turn  sharply  medial  ward  and  dorsal  ward  tonndeifo 


Fio.  601. — Horizontal  section  through  the  medulla,  pons,  and  midbninofai^ 
bom  babe.    Weigert-Pal  staining.    I-«evel  of  nuclens  nervi  oculomiitiinuv 
nucleus  nervi  trochlearis.     (Series  iii,  section  No.  100.)     .4^.  oer.,  aqut-at:  t* 
cerebri;  Br.  cotij.,  brachium  conjunct! vum ;  C/*.,  comniissura  posterior ft> 
bri  ;  C.  Becht,  commissure  between  Bechterew's  nuclei  <if  the  two  sid«.  " 
corpus  restiforme ;  F.l.m.^  fasciculus  longitudinalis  medialis ;  F.c  to  FjJ^ 
from  fa^iculus  cuneatus  to  formatio  reticularis ;  Fib.  are.  int.,  fihne  tP'^ 
internse  ;  F.  ca.,  fasc.  cuneatus ;  F.r.a.,  formatio  reticularis  alba :  Jf<rf.  r«r>ri 
motorius  N.  trigemini ;  N.  I'/.,  radix  N.  abducentis  ;  N.  veM..  i^ix  N.  ^r^c'- 
uli ;   N.  VIL(c.),  radix  N.  facialis,  pars  secunda ;    y.  IXandX.  T»dk^S\ 
glossopharyngei  et  vagi;  N.XII^  radix  N.  hypoglossi :    jWcaIw.  nar-t 
centralis  superior,  pars  medialis;  Nu.cjt.il),  nucleus  centralis  superior. |k? 
lateralis ;  Nu.l.L^  nucleus  lemnisci  lateralis ;  NuJjt.^  nucleus  lateralis  <saprr>f 
Nu.n.III.,  nucleus  N.  oculomotorii ;  jVu.  n. /K.,  nucleus  X.  trochlears:  1-'- 
lemniscms  superior ;  Nu.f.g.^  nucleus  funiculi  gracilis ;  AVii.cr.,  nncit^  ^ 
cochleae  ventralis ;  Nn.n.  VII,  nucleus  N.  facialis ;  S.g.,  substantia  |rebnB»«a 
St.i.l.,  stratum  interolivare  lemnisci :  Sen.  K,  radix  sensorius  K.  tripE^ 
SH.g.c,  stratum  griseum  c^iutrale;   Sub.gd.,  substantia  gelatioosii  Dtsf^ 
trance  of  sensory  part  of  N.  trigeminus:  Tr.s.n.t.^  tracaus  spinaliis  N.  tri?^> 
ini ;  Tr.fr.nu.D.,  tract  from  Deiters'  nucleus  to  the  spinal  coid.    (Prepwa^ 
by  Dr.  John  Hewetson. ) 
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THE  NERVOUS  SYSTEM. 


decussHtion  in  the  substance  of  the  velum  (Fig.  602).  It  is  beliefed 
that  this  decussatio  nervorum  trochlearium  is  complete,  and  that 
no  fibres  enter  the  nervus  trochlearis  from  the  nucleus  of  the  swue 
side.  Immediately  after  the  decussation  the  root  Jbundles  miks 
their  exit  from  the  dorsal  surface  of  the  nervoas  system  at  tk 


Fig.  602.— Transverse  section  through  isthmns  rhombencephali  of  ww^ 
babe.  (Weigert-Pal,  series  ii,  section  No.  268.)  Br.ctmj.,  hiachiora ''«^ 
junctivum;  C.».,  colliculus  inferior ;  7,  nucleus  described '  by  Wt-4|»b> 
probably  concerned  in  the  origin  of  the  X.  trochlearis*  f"}«.,  &<irt* 
longitudinalis  medialis;  /l/V-,  fasciculi  longitudinales  b>T«niidkM^ 
lemniscus  lateralis:  L.m,,  lemniscus  medialis;  jV./r.,  decusntio  nervs^rss 
trochlearium;  N.V.,  N.  trigeminus;  NuJ.l.,  nucleus  lemnu^i  lnun.:^ 
Nn.r.t,  nucleus  reticularis tegmenti  pontis  ;  H.d.  I',  radix denc^ndfibi IiKrr^ 
ceplialica]  nervi  trigemini.     (^Preparation  by  Dr.  John  Hewetst»Q.i 

lateral  border  of  the  velum  medullare  anterius,  lateral  fromti* 
frenulum  veli  medullaris  an terioris,  close  behind  the  lamina  qo*^- 
rigemina.  There  is  often  asymmetry  of  the  root  bundles  on  'i* 
two  sides;  whereas  the  nerve  of  one  Bide  may  go  out  inthefi'^ 
of  a  compact  bundle,  the  root  fibres  on  the  other  side  mij!'^ 
two  or  more  well-separated  bundles  (fila  radicularia).  The*  f»c' 
dies,  however,  unite  almost  immediately  to  form  a  common  irrr* 
trunk.  The  nervus  trochlearis  passes  into  the  poru5  tnxbl*- 
of  the  dura  mater,  runs  through  a  small  dural  canal  alonpsit*^' 
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the  N.  ophthalmicus  to  the  fiesura  orbitalis  superior.  Having 
arrived  in  the  orbit,  it  paa^ea  across  the  origin  of  the  M.  levator 
palpebrffi  superioria  to  the  M.  obliquus  oculi  superior,  into  which 
it  enters  in  order  to  inuervate  it.  It  is  estimated  that  in  the  N. 
trochlearis  there  are  some  twelve  hundred  nerve  fibres. 

8.  ThoM  th«  AzonM  of  wUdi  btlony  to  tba  >.  OenloDUteliU. 

The  lower  motor  neurones  corresponding  to  the  N.  ocuLO- 
MOT0Rii"S,  or  third  cerebral  nerve,  possess  cell  bodies  and  den- 
drites which  are  situated  in  the  nucleus  nervi  oculomotorii.  This 
nucleus  is  located  in  the  mesencephalon.  In  sections  taken 
through  the  pedunculus  cerebri  it  is  seen  to  occupy  a  position 
in  the  t«gnientum  ventral  to  the  aqueductus  cerebri  and  to  the 
stratum  griseum  contrale  which  lies  beneath  the  aqueduct.     It 


'"7^^  1 


midair 


ferthral  pwJuncle  cif  newhom  biibp.  (Wpincrt.Pa!. 
Efi-tion  Sn.  3«4.)  Aq.rrr.,  aquedactiui  cerebri:  (hH.mtp.,  (iilliculus 
D.I.,  dpciiwatin  tPtnni-iiti  dnntMn  i /rnitainrariiiK  JlauhenkreHiHnff  at 
:  FJ.m.,  bHciraliiN  limxitudlnalis  nirdiallii:  F.Pg..  fhwiculi  pyra- 
n  the  htisiti  pcdunculi ;  f.r.(Jlf).  fasciculus  retrofli-xus  Moynirti ; 
J,.m.,  JFmniw'uii  nipdinKii:  Kh.F.I.bi.,  narlcuH  fiwipuli  InnBitudinalig  medi- 
Hlisiiriiueli'ns  rommiiMune  pnnteriorin  loberrr  OruhmoloriiiAmi  of  Itarhgthe- 
wilxcliK  .Vu.n.ff/,  nurlruH  K.  ocalonKitiiTii :  .VH.r..  nucipiu  niber:  K.III, 
TS.  urulomntoriusi  ft.alh.p.,  Rtratum  album  ^roflindum :  Sl.sT.e..  HtiBtum 
griswura  r]>ntra1? :  f.n-  Bahntontia  ninm  ;  «,  rrgion  nf  Flw-hKiK's  F^iagrkftift : 
t.  ti-mpnro-occipitnl  tract  to  pnns;  y.  fronUI  tract  firom  pallium  to  pons. 
I PnTBHution  by  Dr.  John  Hewetmm.* 

is  situated  just  dorsal  to  the  fasciculus  longitudinalis  medialis 
«Dn  each  aide  (Fig.  603),    Since  the  aqueductus  cerebri  is  here  di- 


rftcJjdd  onHoaely.  tke  lon^axiB  of  die  nncieiiB  nerrr  ^^cniomuccL  i 
infill m^d  ac  sm  suigie  to  ;i  line  dr&wiL  parailei  iz>  die  lon^izae 
the  fourth  ventricle  ( ffui<?  mipra). 

The  autones  of  each,  aerrus  aenlomoiaozxiia  arue  mainlT  rs 
the  nnclens  of  che  ^niiie  iide  but  partly  from  che  TmiMwm  .if  :a 
<!>pp08ite  jiiie  :  thas  La  ti3  my.  there  is  a  pandAi  h  i  iiiiwrum  «^  3 
704>c  tihr^a.  This  decnaHono  nervomin.  ocnlomaiziEXoniBL  as- 
eeme  fttainly  the  poaserinr  or  ^Wsxal  (s^inaL)  diird  af  uhe 
There  »  bnt  little,  if  ajiy.  decunHurina  of  die  ajBones  s^gmff 
the  eeil  bodies  sitcncefi  La  the  suicerior  ar  pmxiziiiil  (ei 
two  third:i  eA  the  naolena. 

The  n!>clei  of  the  X.  ocalomocorii  art  very  ^.MMnpie^  CBess- 
ing  of  namerocM  cell  groapa:  ami  ^dioo^  zhatj  faaKve  been  sbqk 
by  many  able  investigacori.  ru^cably  by  I>nv%I  aoii  Lab««.' 
Spitzka,f  Scarry  ''on  ♦xcui.ietu*  Periia^J  WesstphaL-  E«iiB£E-; 
▼an  ffehochten^  Ober3teiner4  ▼on.  Kouiker^  szui  B«rTLl»^.** 
we  are  ftlill  far  from  pueseaeing  an  auieqaAGe^  aziid  sis^Kor 
knowledge  concerning  tbeir  varioiu  psTtSw  Tbac  ther  Aou^  bt 
anatomicaliy  complex  ia  not  sorprisng  wfae&  one  rg members  tb: 
the  N.  ocnlomotorius  innerraSes  a   reiatirelT   lar]^    number  d 


*  I^avftJ,  M„  et  J«  V.  Lftborde.  De  rutnerratioct  dcs  movrroBcnts  vmx^ 
d«9  glob«9  ricruUirRs;  etodes  d'aiutoiiiie  ec  de  phyac4o^ir  expenmrattf 
hmr.  de  Kftnat.  ei  de  la  pbjsioL  Par^  L  xtI  ( V^fHiOx.  pfjL  "Sg  13>, 

f  Spitzka,  K.  C.  The  ^>ealo-niotor  C«ntj»  and  tifeeir  Co-offdmaton.  J<«r. 
of  Nerr.  and  Mcnt.  \}i&.^  X.  Y^  toL  xt  i\m»)^  pp.  413-432: 

}  Htarr,  M.  A.  Ophihalmople^a  Externa  Paili*lisw  Joar.  of  Xerr.  aai 
Merit.  I>iA.«  \.  Y.,  vol.  xt  (1888k  pp-  301-316. 

*  Tc/Ti  Oadden.    Gesammelte  AbbandL,  Wiesbaden  <1889>. 

I  Perlia.  Die  Anatomie  des  Ocidoinoloiiiiaoen trams  beim  MensriMB. 
Arch.  f.  Ophth.,  Tjcipz.,  Bd.  xxxr.  Abth.  4  (1889^  S.  287-308, 

^  Wc'fltphal,  C.  Ueber  die  cbronische  progressive  Lihmong  der  Au^v*- 
tniiskaln.  Unter  BenQtzung  der  vod  6.  Wesiphal  hinterlassenen  Vnin- 
iiuchungen«  U*art>eitet  und  berausgegeben  von  £.  Siemerlin^.  SoppL-Bd. 
Arch.  f.  Pnych.  u.  Nerrenkr.,  Berl.,  Bd.  xxii  (1891),  S.  1-206L 

0  Kdlnger.  Verl.  der  central.  Himnervenbahnen.  Arch.  f.  lyrclii*!. 
u.  Nervenkr.,  Bd.  xvi  (1885). 

%  van  Gchnchten.  De  Torigine  du  nerf  oculomotear  common.  Bull  d» 
TAc.  roy.  do  Belg.  (1892). 

X  Obersteiner.    Anzeig.  d.  k.  k.  (^esellsch.  d.  Aerzte  in  Wien  (1880). 

t  von  KOlliker,  A.  Ueber  den  Urspmng  des  Oculomotorius  beim  X«e> 
Bchen.    SitziingHb.  d.  phy8.*ined.  Qesellsch.  zu  WQrzb.  (1892),  S.  118-1301 

^  Bcmheimer,  S.  Das  Worzelgebiet  des  Oculomotorius  beim  Menscfan. 
8vn,  Wiesbaden  (1894),  pp.  1-80. 
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muscles,  anatomically  and  physiologically  more  or  less  inde- 
pendent of  one  another,  and  recalls  further  that  these  muscles, 
both  inside  and  outside  the  eyeball,  are  co-ordinated  in  the  most 
delicate  way  with  one  another  and  with  the  muscles  innervated 
by  other  groups  of  lower  motor  neurones  (M.  obliquus  superior, 
M.  rectus  lateralis,  Mm.  capitis  et  colli). 

It  will  be  convenient,  owing  to  the  existence  of  a  nucleus 
impar,  to  describe  the  nuclei  of  the  two  sides  together.  In  the 
newborn  babe  there  can  be  very  distinctly  made  out  a  large 
lateral  nucleus  on  each  side  and  a  nucleus  impar  in  the  middle 
line.  The  nucleus  impar  does  not  extend  quite  as  far  either 
anteriorly  or  posteriorly  as  do  the  lateral  masses.  With  the  high 
power  of  the  microscope,  cells  can  be  made  out  connecting  the 
nucleus  impar  (except  at  the  posterior  and  dorsal  extremity)  with 
the  lateral  nucleus  on  its  ventral  aspect  on  each  side.  The 
lateral  masses  of  the  two  sides  are  more  widely  separated  from 
one  another  and  more  independent  at  the  postero-dorsal  ex- 
tremity of  the  nucleus  than  at  tiie  anterior  ventral  extremity ; 
in  fact,  in  the  latter  region  the  two  lateral  masses  fuse  and  form 
a  solid  mass  of  nerve  cells  occupying  the  middle  line  and  a  region 
just  lateral  from  this  on  each  side.  These  appearances  are  well 
shown  in  a  reconstruction  made  by  F.  Sabin  in  the  anatomical 
laboratory  in  Baltimore. 

The  nuclei  of  the  two  sides  in  three  dimensions  looked  at 
from  the  dorso-anterior  surface  of  the  reconstruction  are  of  the 
shape  of  an  arrow  with  its  apex  pointing  ventral  ward  and  an- 
teriorly, its  base  pointing  dorsalward  and  posteriorly;  or,  on 
account  of  the  hollowed-out  appearance,  it  may  be  said  to  re- 
semble the  anterior  half  of  a  canoe  along  the  floor  of  which,  from 
the  bow  to  the  middle,  projects  a  thick  vertical  bar — the  nucleus 
impar.  Looked  at  from  the  ventro-posterior  aspect,  the  surface 
is  seen  to  be  convex  and  tolerably  uniform,  except  at  the  postero- 
dorsal  extremity,  where  the  nucleus  impar  is  separated  by  a  nar- 
row chink  on  each  side  from  the  lateral  masses  of  nerve  cells. 

A  very  elaborate  description  has  been  given  by  Perlia  (Fig. 
604).  This  author  describes  a  number  of  groups  of  nerve  cells 
which  he  says  he  makes  out  distinctlv.  He  divides  the  masses 
into  a  superior  group  and  an  inferior  group.  The  inferior  group 
forming  the  main  mass  of  the  nucleus  consists  of  a  central 
nucleus  situated  in  the  middle  line  (Nucl.  centralis),  of  a  nucleus 
containing  small  cells  known  as  the  Edinger-Westphal  nucleus 
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yu%.  604. — Hchcmie  r#f  the  nuclei  Derromm  omloDMKarivm. 

f.  <^>phth.,  Ltifiz.,  Bd.  xxT,  AbCh.  ir,  S. 


«. ' 


The  superior  groap,  mtich  smaller  than  the  inferior,  consea 
of  two  nuclei — (1)  a  median  nuclens  (Nacl.  med.  ant.)  and  (^)  a 
lateral  nucleus  (Nuc.  lat  ant).  Perlia  belieTed  that  nx>t  ^xm 
of  the  N.  oculomotorius  come  from  all  of  these  groaps  of  nem 
cells  except  the  nucleus  of  Edinger-Westphal  and  the  anterior 
median  nucleus.  It  will  be  noticed  that  Perlia's  nnelens  htenitf 
anterior  is  in  reality  identical  with  the  oberer  Oculomotoriufkeni 
Darkschewitsch/  but,  as  we  have  seen,  the  newer  inrestigatiifltf 

*  DArktchewittch,  L.    Neurol.  Centralbl.,  T^ipz.  <1885X  S.  101  sod  /i><^ 

(1H86). 
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have  shown  that  Perlia,  Darkschewitsch,  and  others  were  wrong 
in  believing  that  this  nucleus  gives  origin  to  root  fibres  of  the  N. 
oculomotorius.  It  has,  we  believe  now,  nothing  to  do  directly 
with  the  N.  oculomotorius,  but  is  connected  with  the  fas- 
ciculus longitudinalis  medialis  on  the  one  hand  and  with  the 
commissura  posterior  (distal  commissure)  on  the  other.  Von 
Kolliker  has  therefore  referred  to  it  as  the  nucleus  of  the  pos- 
terior commissure,  and  it  has  been  described  in  a  previous  chapter 
of  this  book  as  the  nucleus  fasciculi  longitudinalis  medialis. 

Von  Kolliker  has  made  a  very  careful  study  of  serial  sections 
of  this  nucleus  in  the  newborn  babe,  and  his  description  should 
be  consulted  by  any  one  who  wishes  to  study  the  nucleus  thor- 
oughly. He  decides  that  the  N.  oculomotorius  has  on  each  side 
essentially  only  one  nucleus.*  From  this  main  nucleus  a  round 
dorsal  mass  branches  off  at  the  cerebral  end.  He  does  not  find 
any  paired  dorsal  medial  nucleus,  but  describes  only  an  unpaired 
central  nucleus,  which  apparently  corresponds  to  what  has  been 
mentioned  above  as  the  nucleus  impar.  Von  Kolliker  does  not 
find  the  nucleus  of  Edinger-Westphal  in  his  embryo  preparations, 
although  he  states  that  he  sees  it  perfectly  well  in  sections  of  the 
adult  brain. 

The  partial  decussation  of  the  root  fibres  of  theNn.  oculo-mo- 
torii  was  first  proved  for  the  rabbit  by  von  Gudden.  It  has  also 
been  made  out  in  man  by  Perlia  and  von  Kolliker  and  by  van 
Gehuchten  in  the  duck  (Fig.  605).  The  decussation  in  human 
beings  has  been  perhaps  most  carefully  described  by  Bernheiraer. 
This  author  believes  that  the  distal  part  of  the  main  nuclei  give 
off  almost  entirely  decussating  axones.  In  the  most  posterior 
ten  sections  he  found  exclusively  crossed  fibres ;  a  little  anteriorly 
a  few  uncrossed  fibres  appeared,  which  gradually  became  more 
numerous ;  while  at  the  middle  of  the  nuclear  mass  the  uncrossed 
fibres  predominated,  and  in  the  anterior  half  of  the  lateral  main 
nucleus  there  were  no  decussating  fibres  at  all.  He  assumes  that 
on  the  whole  one  fourth  of  all  the  fibres  from  each  nucleus 
decussate.  The  decussation  occurs  as  follows  :  Out  of  all  parts 
of  one  nucleus  there  arise  fibres  which  press  more  or  less  on  the 
medial  side  of  the  nucleus  and  descend  at  the  same  time  toward 
the  median  space,  there  to  pass  over  like  a  commissure  to  the 
opposite  nuclear  mass,  in  order  again  to  radiate  out,  fan-shaped, 

♦  Op.  cit.,  S.  299. 
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FfO.  0M.— -NuclcuN  orifcininet  flla  nulicolam  N.  oealo-mototii 
^AftiT  A.  van  (Miuchien.  Anatomie  do  systeme  n 
p<\.,  I>»uv.,  1H07.  p.  614,  Fig.  432.)    om,  aqoedoctiis 
f!pith<*lhim  ;  fp,  faMcicntas  longitadinalis  medialis. 

According  to  Bemheimer,  crossed  fibres  never  leave  the  mss 
nucleus  in  the  neighborhood  of  the  median  line.  The  crossed 
fibres  go  through  the  fasciculus  longitudinalis  medialis  in  is 
dorsal  part,  and,  after  a  somewhat  curved  coarse,  pass  near  the 
lateral  border  of  the  red  nucleus  and  then  tarn  towaid  the 
middle  line  to  the  region  of  exit  of  the  nerve. 

The  uncrossed  fibres  from  the  main  nnclei   arise  nnmiie^ 
only  from  the  proximal  half  of  them.     Thej  leave  the  nackir 
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masses  and  pass  exclusively  between  the  fibres  of  the  fasciculus 

longitudinalis  medialis  which  lie  close  to  the  middle  line — that  is, 

to  the  most  ventral  fibres  of  the  fasciculus  longitudinalis  medialis. 

It  seems  likely  that  the  various  groups  of  nerve  cells  in  the 

^  nuclei  nervorum  oculomotoriorum  are  connected  with  one  an- 
other by  means  of  large  numbers  of  association  neurones. 

Ending  in  the  nucleus  nervi  oculomotorii  of  each  side  are 
collaterals  and  axones  which  in  the  main  come  from  the  fasciculus 
longitudinalis  medialis.  By  just  what  paths,  if  any,  other  than 
the  fasciculus  longitudinalis  medialis  the  nucleus  nervi  oculomo- 
torii is  brought  under  the  influence  of  cerebral  sensory  peripheral 
nerves  and  of  neurones,  the  cell  bodies  of  which  are  situated  in 

-  the  pallium,  is  not  yet  clear. 

The  relation  of  the  nucleus  nervi  oculomotorii  to  the  nucleus 
nervi  abducentis,  on  account  of  the  physiology  of  the  muscles  sup- 
plied by  these  two  nuclei,  is  of  the  highest  interest,  especially  with 
regard  to  the  lateral  movements  of  the  eyes,  the  M.  rectus  medialis 
being  supplied  by  the  nucleus  nervi  oculomotorii  and  the  M.  rectus 
lateralis  being  supplied  by  the  nucleus  nervi  abducentis.  Duval 
and  Laborde  are  of  the  opinion  that  there  is  a  crossed  relation  of 
the  oculomotor  nerve  to  the  contra-lateral  nucleus  of  origin  of  the 
nervus  abducens  mediated  by  the  fasciculus  longitudinalis  medialis. 
If  their  view  be  correct,  fibres  leave  the  nucleus  nervi  abducentis  at 
its  cerebral  extremity,  enter  the  fasciculus  longitudinalis  medialis, 
and  farther  cerebralward  pass  into  the  dorsal  decussation  of  the 
tegmentum,  to  go  over  to  the  other  side,  where  they  meet  with  the 
root  fibres  of  the  nervus  oculomotorius,  and  join  them  on  their 
medial  surface.  Spitzka,  on  the  other  hand,  and  Obersteiner  think 
such  a  view  unnecessary.  Assuming  that  the  M.  rectus  mediahs  is 
innervated  mainly  by  crossed  root  fibres  of  the  nervus  oculomo- 
torius, they  suggest  that  a  connection  by  means  of  the  fasciculus 
longitudinalis  medialis  exists  between  the  nucleus  nervi  abducentis 
and  the  nucleus  nervi  oculomotorii  of  the  same  side.  This  would 
afford  an  anatomical  basis  for  the  synergism  existing  between  the 
M.  rectus  medialis  of  one  side  and  the  M.  rectus  lateralis  of  the  other 
side.  Held's  studies  with  Golgi's  method  have  demonstrated  so 
many  collaterals  from  the  fasciculus  longitudinalis  medialis  enter- 
ing the  eye-muscle  nuclei  that  it  seems  very  likely  that  the  co-ordi- 
nation of  the  activities  of  these  various  nuclei  is  brought  about  by 
means  of  fibres  in  the  fasciculus  longitudinalis  medialis  (Fig.  606). 

A  great  many  attempts  have  been  made  to  localize  in  the  nu- 
cleus nervi  oculomotorii  and  in  the  bundles  of  root  fibres  coming 
62 
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Fig.  608.— Scheme  of  the  roaree  of  the  <^»tie  mod 

fonnatao  reticularisu     « After  H-  Held,  Airh- 1  AnaC  a.  Phj^skiL.  _ 
Leii»K.,  1993,  S.  229.  Fig.  IL  >  yud.  /IT,  nocleiis  nervi  oralo-aMCorii 
noclens  fiuvicali  loof^tudinalis  meduilis  seo  nncleiis 
A>.r.,  Duckros  ruber. 
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from  them  structures  corresponding  to  individual  eye  muscles. 
Thus,  Ilensen  and  Volckers  *  in  the  dog  stimulated  electrically 
individual  bundles  of  fibres  coming  out  of  the  different  portions 
of  the  nucleus.  They  concluded  that  from  before  backward  the 
fibres  of  the  nervus  oculomotorius  in  the  dog  have  the  following 
arrangement:  (1)  Nerves  of  accommodation;  (2)  those  for  the 
M.  sphincter  iridis;  (3)  those  for  the  M.  rectus  medialis;  (4) 
those  for  the  M.  rectus  superior;  (5)  those  for  the  M.  levator 
palpebrae  superioris ;  (6)  those  for  the  M.  rectus  inferior ;  (7) 
*    those  for  the  M.  obliquus  inferior. 

Other  investigators  (Starr,  Kahler  and  Pick,  Leube,  Spitzka, 
Siemerling,  Westphal,  von  Monakow)  have  examined  the  patho- 
logical alterations  in  the  nucleus  in  cases  in  which  partial  paraly- 
sis of  function  had  been  observed  during  life. 

Thus  Starr  f  distinguishes  in.  the  nucleus  nervi  oculomotorii  s^ 
^    medial  portion  and  a  lateral  portion.    From  the  former  he  believes 
there  arise  from  before  backward  the  fibres  for  the  ciliary  muscle, 
_  those  for  the  M.  rectus  inferior,  and  those  for  the  M.  rectus  medi- 
alis ;  from  the  latter  arise  the  nerve  fibres  for  the  M.  sphincter 
iridis,  M.  levator  palpebrsB  superioris,  M.  rectus  superior,  and  M. 
obliquus  inferior.     According  to  Kahler  and  Pick,  the  pupillary 
—  fibres  of  the  nervus  oculomotorius  run  in  its  most  anterior  root 
"    bundles;  while  the  posterior  root  bundles,  they  believe,  are  des- 
tined for  the  external  muscles  of  the  eye,  and  can  be  separated 
into  (1)  a  lateral  group,  governing  the  M.  levator  palpebrae,  the 
Hd.  rectus  superior  and  the  M.  obliquus  superior,  and  (2)  a  medial 
^roup,  innervating  the  M.  rectus  medialis  and  the  M.  rectus 
inferior. 

The  case  described  by  Leube,J  in  which  during  life  there  had 
en  ptosis  (paralysis  of  the  M.  levator  palpebrae  on  the  right 
ide)  and  dilatation  of  the  right  pupil,  and  in  which  after  death 
small  apoplectic  nodule  was  discovered  in  the  dorso-lateral  part 
cf  the  nucleus  nervi  oculomotorii  of  the  right  side,  is  worthy  of 
pecial  mention  here. 


*  Hensen,  V.,  und  C.  VSlckers.    Ueber  den  Ursprung  der  Accommoda- 
onsnerven,  nebat  Bemerkungen  fiber  die  Function  der  Wurzeln  des  Nervus 
nlomotoriiis.     Arch.  f.  Ophth.,  Berl.,  Bd.  xxiv  (1878),  S.  1-26. 
f  Starr,  M.  Allen.     Op.  cit. 

t  Leube,  W.    Ueber  Herderkrankungen  im  Gehimschenkel  in  der  Gegend 
'  hinteren  VierhQgelpaares.    Deutsches  Arch.  f.  klin.  Med.,  Leipz.,  Bd.  xl 
-'87),  S.  217-227. 
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Of  especial  interest,  too,  are  the  investigations  whi 
been  made  by  means  of  the  method  of  Nissl,  which,  as 
seen  above,  has  thrown  so  much  light  upon  the  localu 
function  within  the  gray  masses  inside  the  spinal  cord 
the  studies  of  Bemheimer  and  of  Schwabe  have  been  i 
tensive.  Bernheimer*  distinguishes  between  the  exti 
and  intra-ocular  muscles,  and  finds  that  the  extra-ocular 
arise  from  the  medial  portion  of  the  nucleus,  while  the  inti 
muscles  arise  in  the  main  from  the  lateral  portion  of  the 

Schwabe,t  under  the  direction  of  Hans  Held,  operated 
large  number  of  rabbits  with  the  purpose  of  localizing 
tions  of  the  N.  oculomotorius  concerned  in  the  innerv 
the  individual  eye  muscles.  In  his  preliminary  report  h 
that  his  results  prove  that  the  view  of  Mendel,J  accoi 
which  the  upper  facial  had  its  origin  in  the  nucleus  nen 
motorius,  is  probably  incorrect,  since  on  section  of  the 
facialis  there  resulted  extensive  typical  degenerative  altera 
the  nucleus  nervi  facialis,  but  not  a  single  degenerated  ce 
be  found  in  the  nucleus  nervi  oculomotorii. 

When  the  whole  of  the  orbital  contents  were  renw 
found  total  degeneration  of  all  the  ganglion  cells  of  thi 
type  of  the  main  nucleus  of  the  nervus  oculomotorius  as 
of  the  lateral  cells  lying  in  the  fasciculus  longitudinalis  n 
The  relations  are  in  part  crossed,  and  Schwabe  confirms  tc 
den  in  that  he  finds  that  the  cells  in  the  crossed  nucleus 
uated  in  its  most  dorsal  parts.  Schwabe  thinks  that  t) 
muscle  which  receives  a  crossed  innervation  bv  means  of  t 
vus  oculomotorius  is  the  M.  rectus  superior.  The  rooi 
belonging  to  it  come  out  of  the  dorsal  half  of  the  distal  ] 
of  the  opposite  nucleus  nervi  oculomotorii,  a  region  whi 
responds  approximately  to  the  nucleus  dorsalis  described 
Gudden  in  the  rabbit. 

The  M.  obliquus  inferior  is  innervated  by  fibres  arisin< 

♦  Bemheiraer,  S.  Innervation  der  Augenniuskeln.  D^ntsrb 
Wchnschr.  (1897),  No.  35.  S.  153. 

t  Schwabe,  H.  Ueber  die  Gliederung  des  Oculomotoriiis-Ilauptkd 
die  Lage  der  den  einzelnen  Muskeln  entsprechenden  Gebiete  in  dfiR 
Neurol.  Gentralbl,  Leipz..  Bd.  xv  (1806),  S.  79^794. 

t  Mendel,  E.  Uel>er  den  Kernursprungdes  A ngen* Facialis.  Ber 
Wchnschr..  Bd.  xxiv  (1887),  S.  913-916.  Also,  Neurol.  CentrelbJj 
Bd.  vi  (1887),  S.  537-542. 
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the  ventral  half  of  the  distal  portion  of  the  nucleus  nervi  oculo- 
motorii  of  the  same  side.  The  M.  rectus  inferior  is  innervated 
by  fibres  arising  from  cells  situated  in  the  proximal  portion  of  the 
nucleus  nervi  oculomotorii  of  the  same  side  and  from  some  of  the 
lateral  cells  in  the  fasciculus  longitudinalis  medialis. 

The  cell  bodies  which  send  axones  to  the  M.  rectus  medialis 
were  not  so  easily  determined.  They  do  not  apparently  corre- 
spond to  a  definite  well-defined  group,  but  the  cells  governing  it 
are  spread  out  over  the  whole  of  that  side  of  the  nucleus  nervi 
oculomotorii  which  lies  upon  the  fasciculus  longitudinalis  medi- 
alis. These  cells  include  the  greater  part  of  the  lateral  cells,  a 
number  of  cells  lying  at  the  junction  between  the  distal  and  prox- 
imal portion  of  the  nucleus  and  about  half  of  the  cells  which,  to- 
gether with  those  which  govern  the  M.  rectus  inferior,  form  the 
most  lateral  apex  of  the  proximal  portion  of  the  main  nucleus. 

The  fibres  governing  the  M.  levator  palpebrse  superioris  and 
the  M.  retrahens  bulbi  could  not  be  connected  with  any  cells, 
although  Schwabe  thinks  it  is  possible  that  the  levator  muscle 
m.ay  be  innervated  by  cells  in  the  most  lateral  dorso-distal  group 
of  the  nucleus,  possibly  of  the  opposite  side.  Interesting  from 
the  physiological  standpoint  is  the  fact  that  the  Mm.  recti  superi- 
ores  et  obliqui  inferiores,  acting  together  in  pure  upward  move- 
ments of  the  eyeball,  are  innervated  by  the  distal  portions  of  the 
nuclei  of  the  two  sides;  and  also  that  the  cells  innervating  the 
Mm.  recti  inferiores  et  mediates  are  intimately  mingled  in  the 
most  lateral  part  of  the  proximal  portion  of  the  nucleus.  This 
latter  region  might  very  well  be  called,  as  Schwabe  suggests,  the 
Convergeiizcentrum. 
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SUBSECTION   IV. 

Neurones  which  enter  into  Conductioii  Belatioi 
the  Lower  Motor  Neurones  and  throw^  the  1 
under  the  Influence  of  Other  Centres  (Inl 
diary  and  Upper  Motor  Neurones). 


CHAPTER   LVII. 

INTERMEDIARY   AND  UPPER    MOTOR    NEURONES. 

Relation  of  peripheral  centripetal  neurones  to  motor  nuclei — 6oI| 
Type  II  intersegmental — The  triangular  path  of  Helw^  or  th 
bundle  of  von  Bechterew. 

It  has  already  been  stated  {vide  supra)  that  coUater 
possibly  terminals,  from  great  numbers  of  peripheral  sense 
rones  enter  into  direct  contact  relation  with  the  dendrites ; 
bodies  of  the  motor  neurones  in  the  ventral  horns  (Fig.  60 
addition  to  this  mechanism  by  means  of  which  the  pei 
sensory  neurones  can  come  directly  in  contact  with  mot* 
rones,  the  fibres  of  the  dorsal  funiculi  can  influence  the 
neurones  by  means  of  intercalated  tautomeric  and  hetei 
neurones  with  shorter  and  longer  axones.  In  this  way  oi 
sory  fibre  of  a  given  neurotome  can  perhaps  throw  motor  dc 
in  many  segments  of  the  cord  under  its  influence  (Fig.  60£ 

The  lower  motor  neurones  of  the  same  ventral  horn  and 
ventral  horns  of  the  two  sides  can  reciprocally  affect  one  ai 
by  means  of  Golgi  cells  of  Type  II.  This  would  be  true  of 
neurones  of  the  same  segment  or  of  segments  immediitel 
jacent. 

(A)  Those  the  Axones  of  which  help  to  make  up  the  A« 

Proprii  of  the  Spinal  Ck>xtL 

The  motor  neurones  of  the  various  segments  of  the  coni 
anatomically  and  functionally  connected  hy  means  of  loofit 
952 
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nally  extending  association  neurones.  Thus  the  cell  bodies  of 
such  association  neurones  situated  in  one  segment  of  the  cord 
send  out  their  axones  into  the  fasciculus  ventralis  proprius  or  the 
fasciculus  lateralis  propnus,  where  the;  may  ascend  or  descend,  or, 
bifurcating  both  ascend  and  descend,  nBually  close  to  the  ventral 
grav  columns  to  terminate  in  the  gray  matter  at  a  distance  of  one, 
several  or  verv  many  segments  distant  from  their  site  of  origin. 
The  axones  which  connect  the  most  distant  segments  with  one 
another  are  most  penpherally  situated  in  the  white  matter,  while 


le  of  tvtles 
otthcspinalnird.  1  A flcr  A .  v<m  K 
liki-r,  Uandburh  <li-r  Uevrhelch 
Bd,  ii.  1896.  S.  HB,  Fig.  S99,) 


Fio.  SOS.— Scheme  of  reflci  mrchauism 
intheBpinalcord.  (AfWrA,  vonKol- 
likcr.  Hundbiich  dtr  Gtwfbrlrlirr, 
Bd.  ii,  Leipz..  tSOe,  S,  12s.  Fig.  400.) 


those  connecting  neighboring  segments  run  in  the  white  fasciculi 
close  to  the  gray  matter  (Flatau).*  On  the  way  these  axones  send 
off  numerous  collaterals  to  terminate  in  the  gray  matter  of  the 
segments  which  they  pass.  That  there  are  association  neurones 
of  motor  function  has  been  proved  by  the  cases  of  progressive 
muscular  atrophy  in  which  degenerated  fibres  have  been  found  in 
the  ground  bundles  without  any  accompanying  sensory  disturb- 
ance.    These  intermediate  neurones  between  gronps  of   motor 

•  Flftl*u,  E.    Das  Oesetz  rter  excentriwhen  Iiagenuig  dcr  laiigea  Bahnen 
iin  RQckenmarL    Sitzber.  d.  Akad.  d.  Wisa.  zu  Berlin  (ISBTj. 
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neurones  are  more  numerous  in  the  InmlMur  and  eerrictl  ei 
ments  than  in  the  portions  of  the  cord  of  smaller  calibpe. 
are  very  abundant  in  the  medulla  oblongata  and  pcms  ^ 
where  tbej  help  to  form  the  fonoatio  reticniaria  alba.  Oi 
important  group  of  axones  of  sadi  longitudinal  asBociaik 
rones  is  met  with  in  the  fascicalns  longitodinalia  tn^klii 
called  the  posterior  longitudinal  bundle^  by  means  of 
practically  all  the  motor  nuclei  of  the  oc^^bcai  nerres  sr 
tionally  connected  with  one  another. 

This  place  seems  as  suitable  as  any  to  descrfte  Ae  ^  t 
lar  path  "  of  Helweg,*  which  extends  between  the  na<deus 
inferior  and  the  spinal  cord.  Whether  it  is  oli^ropetal  or  di 
in  direction  has  not  yet  been  satisfactorily  determined. 
description  gixren  by  Helweg,  that  author  stated  that  the 
concerned  consisted  of  an  area  of  fine  fibres  triangular  in  i 
cross-section  in  the  uppermost  cerrical  cord.  It  was  found 
in  the  central  nervous  system  of  individuals  who  during 
been  insane.  In  the  few  bodies  of  non>insane  individual 
ined  by  him  he  could  not  find  the  tract  mentioned, 
accordingly  concluded  that  the  fineness  of  the  fibres  in  tl 
angular  path"  represented  an  abnormality  occurring  < 
the  central  nervous  system  of  the  insane.  Thon^  I 
studies  were  made  with  the  carmine  method,  he  was 
establish  the  relation  of  the  fibres  of  his  ^*  triangular  p 
the  nucleus  olivaris  inferior.  It  was  this  anthor^s  idea  i 
path  had  to  do  in  some  way  with  the  conduction  c 
motor  impulses. 

A  comparison  of  Helweg's  description  with  the  plai 
text  of  a  comprehensive  study  of  a  case  of  degenenti 
lowing  pontine  haemorrhage,  published  b}^  Paul  Meyer  fii 
makes  it  seem  certain  that  Meyer  saw  the  path  much  eariit 
did  Helweg.  Meyer's  Fig.  12  d  appears  to  correspond  i 
to  Helweg's  path. 

In  1894  V.  Bechterew  t  described  as  the  "  olivarv  fascic 

:b^ < , 

*  Helweg's  Dreikantenbahn.  Cf.  Helweg,  Arch.  f.  Psychiat,  il«V 
kr.,  Berl.,  Bd.  xix  (1887-'88),  H.  1.  S.  108. 

f  Meyer,  P.  Ueber  einen  Fall  von  Ponsh&morrha^e  mit  xeaa 
Degeneratiohen  der  Schleife.  Arch.  f.  Psychiat.  u.  Xenrenkr..  Berl,  B 
(1882),  S.  63-98. 

i  V.  Bechterew,  W.  Ueber  den  Olivenstrang  ties  Halsmarkes.  X< 
Centralbl.,  Leipz..  Bd.  xiii  (1894),  No.  12.  S.  4S3. 
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( Olivenslrang)  s,  band  of  fibres  which  in  the  distal  region  of  the 
medulla  oblongata  lies  close  to  the  nucleus  olivaris  inferior. 
According  to  the  Russian  neurologiHt,  this  band  of  fibres  belongs 


S. — Sfctionn  through  the  medullsohlongiitB  anil  upper  cerviml  cord.  Bhow- 
iiii(  the  nun  nmliilliiteil  ohio-Hpiniil  6iscirulaB.  The  pTrunids  are  not  yttt 
medullalcd  (  *fter  W  n  n  Bechlcrcn  Die  LeitunEsfaabnen  im  Oehim  uod 
RuckenmBrk  11   AutI    l^ipz.   1S0» ) 
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to  the  youngest  fibre  systems  of  the  spinal  cord.  £ven  the  fascic- 
uli cerebro-spinales  (pyramidales)  are  meduUated  before  the  fibres 
of  the  Olivenstrang^  so  that  it  is  not  until  some  time  after  birth 
that  the  fibres  become  surrounded  by  myelin  sheatha.  Indcei 
one  of  the  easiest  methods  of  becoming  familiar  with  the  poatioB 
of  the  path  is  to  study  the  medulla  and  cervical  cord  of  Uie  nev- 
bom  babe  (Fig.  609).  In  the  cervical  cord  the  *'  olivary  bujidie* 
lies  at  the  junction  of  the  lateral  with  the  ventral  funicalos  at 
the  region  of  exit  of  the  ventral  roots.  In  the  medalk  it  is 
situated  close  to  the  lateral  border  of  the  pyramid.'  In  croas- 
section  the  area  corresponding  to  these  fibres  is  lens-shi^ied  in 
the  lower  cervical  cord,  triangular  in  the  mid-cervical  reguw. 
At  the  level  of  the  nucleus  olivaris  inferior  the  handle,  according 
to  von  Bechterew,  suddenly  disappears,  bat  this  investigator 
grants  that  there  is  no  proof  that  its  fibres  are  directly  related  to 
the  nerve  cells  of  the  olive. 

The  fibres  of  the  olivary  bundle  are  among  the  finest  of  the 
white  fibres  in  the  cord.  While  this  bundle  is  medallated  rerr 
late,  a  month  after  birth,  the  majority  of  the  fibres  of  the  fascic- 
ulus lateralis  proprius  are  medullated  very  early  in  the  foptni 
V.  Bechterew  favors  the  view  that  the  axones  of  the  fibres  of  th* 
Olivenstrang  arise  from  perikaryons  situated  in  the  homolateni 
ventral  horn — that  is  to  say,  the  bundle,  in  his  opinion,  is  spbo- 
fugal.* 

The  bundle  has  been  found  degenerated  in  two  cases  bv  Ran- 
hold,f  and  in  several  cases  recently  by  Pick.J  Reinhold  inclines 
to  the  view  that  the  bundle  represents  a  centrifugal  vasomotor 
path.  Pickpoints  out  that  the  bundle  is  doubtless  often  overlooked, 
owing  to  the  fact  that  though  it  can  be  followed  as  far  down  u 
the  junction  of  the  pars  cervicalis  with  the  pars  thoracalis  of  the 
cord,  it  is  usually  very  indistinct  below  the  level  of  the  second 
cervical  segment,  and  the  region  in  which  it  is  distinctly  visiUe 
is  at  ordinary  autopsies  cut  through  very  obliqaely,  so  that  the 
tissue  is  unsuitable  for  study.  If  Chiari's  myelotome  be  emp]of«d 
this  difficulty  is  easily  obviated. 

*  v.  Bechterew,  W.    Die  Leitungsbahnen  im  Gehim  und  RQckramtft 
II  Aufl.,  Leipz.  (1899),  S.  99-100. 

f  Deutsche  Ztsehr.  f.  Nervenh.,  Leipz..  Bd.  x,  S.  900. 

X  Pick,  A.  BeitrSge  zur  Pathologie  und  patholog^ischen  Anatomw  i0 
Centralnervensystems  mit  Bemerkung  zur  normalen  Anatomie  deselbeD- 
Berlin  (1898),  S.  22^234. 
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I  first  encountered  this  path  in  the  medulla  oblongata  of  an 
infant  dead  of  an  eitensive  euperficial  bum.  At  first  I  bad  no 
idea  of  its  nature,  but  afterward  found  that  it  correaponded  in 
shape  and  position  to  the  Helweg-Hechlerew  path.  Its  late  mye- 
linization  speaks,  it  seems  to  me,  in  favor  of  its  being  a  centrifu- 
gal rather  than  a  centripetal  tract.  Moreover,  the  fact  that  when 
it  is  degenerated  the  olive  may  appear  unaltered  is  rather  against 
the  view  that  this  fibre  sj-stem  takes  its  origin  in  the  nucleus 
oUvaria  inferior.  Indeed,  I  do  not  feel  sure  that  the  term  "  oli- 
vary bundle  "  is  well  chosen.  Could  it  not  be  that  the  fibres  of 
the  bundle  come  from  higher  parts  of  the  nervous  system,  the 
fibres  being  so  scattered  above  the  level  of  the  inferior  olive  that 


they  are  no  longer  recognizable  in  Weigert  prejiarations  as  a  dis- 
tinctly localizable  bundle?    As  a  matter  of  fact,  Helweg's  path 

in  the  cervical  cord  corresponds  very  closely  in  position  to  that 
of  certain  descending  fibre  systems  in  the  ventro- lateral  fasciculi. 
Pick  even  auggests  that  Loeweiithal's  "fasciculus  marginalis 
anterior"*  is  identical  with  Helweg's  path.  The  more  one 
thinks  of  this  tract  in  connection  with  other  centrifugal  fibre 
systems  in  the  ventro-lateral  region  of  the  cord  the  more  he  will 
be  inclined,  I  think,  to  hesitate  before  he  decides  that  it  is  a  fibre- 
system  which  is  entirely  independent.     Should  it  turn  out  that 

*  Ijnewenthal.  K.     La  n'gion  pjramiilHle  dc  In  capsule  interne  chei  le 
chien  et  )s  constitution  du  cordon  ant^ro-lateml  de  la  moelle.      Rev.  mM. 
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the  bundle  known  as  Helweg's  Dreikantenbahn,  or  von  Bccii- 
terew's  OUvenstrang,  is  really  oalj  one  portion  of  a  mncb  k«^ 
fibre  syBtem,  the  experience  would  not  be  a  novel  one ;  on  ib 
contrary,  entirely  similar  steps  have  preceded  the  Gnal  unntdiii; 


in  the  history  of  the  development  of  our  knowledge  of  a  nninbff 
of  the  more  important  tracts  in  the  central  nervoDB  BTstem.  Tbf 
curious  shape  of  the  olive  is  shown  in  Figs.  610  and  611.  midf 
from  drawings  of  a  reconstruction  from  serial  sections  br  Mi* 
Florence  Sabin.  The  gyri  and  sulci  in  the  olive  of  the  twond'^ 
agree. 


B)  Those  the  Axonee  of  which  run  in  the  Fasciculus  Longitu- 
dinalis  Medialis  and  in  the  Formatio  Beticularis  Alba  of  the 
Rhombencephalon. 

CHAPTER   LVIII. 

INTERMEDIARY  AND    UPPER   MOTOR   NEURONES  (CONTINUED). 

The  vestibulo-spinal  path — Distal  axone  systems  from  the  gray  masses  of 

the  formatio  reticularis  grisea. 

In  the  medulla  and  pons  are  situated  groups  of  neurones  with 
ixones  running  down  to  terminate  about  the  motor  neurones  of 
the  Tentral  horn.  Concerning  the  tracts  which  correspond  to  the 
ixones  of  these  neurones  our  knowledge  is.  as  yet  very  indefinite. 
One  very  important  bundle,  however,  must  be  mentioned — 
namely,  the  bundle  of  axones  which  descends  toward  the  spinal 
3ord  from  the  nucleus  N.  vestibularis  lateralis  (Deiters'  nucleus). 
This  bundle  is  sharply  differentiated  in  sections  of  the  brain  of 
the  newborn  babe,  stained  by  Weigert's  method,  and  F.  Sabin 
has  been  able  to  reconstruct  it. 

This  bundle  degenerates  after  removal  of  one  half  the  cere- 
bellum, although,  according  to  Risien  Bussell  and  Ferrier  and 
Turner,  only  when  the  vestibular  nuclei  are  injured  at  the  same 
time.  Thomas  *  is  inclined  to  think  that  the  bundle  has  its  ori- 
gin partly  in  the  nucleus  nervi  vestibularis  lateralis  (Deiters) 
and  partly  in  the  nucleus  nervi  vestibularis  superior  (von  Bech- 
terew),  a  view  which  a  careful  study  of  Weigert  preparations  in 
the  newborn  babe  would  tend  to  support. 

This  bundle  of  fibres  can  be  easily  followed,  especially  when 
^Regenerated,  deep  down  into  the  cord  where  the  individual 
»iedullated  axones  turn  in  to  terminate  in  the  ventral  horns.  It 
s  not  surprising,  therefore,  that  von  Monakow,  after  hemisection 
f  the  spinal  cord  in  the  cervical  region,  found,  after  a  long  time, 

*  Thomas,  A.    Le  cervelet :  £tude  anatomique,  clinique  et  physiologique, 

«.ris,  1897. 
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atrophy  of  the  cells  of  Deitere'  nucleus.  He  was  wrong,  hoi- 
ever,  in  connecting  the  bundle  with  the  dorsal  fascicali^fors 
undoubtedly  descends  in  the  ventro-lateral  ground  bnndle. 

It  would  seem  that  this  uncrossed  descending  vestibnlo-qrail 
neurone  system  has  been  described  by  various  authors  imdff 
different  names.  Many  of  the  descending  cerebello-spinal  sysifBi 
described  by  the  authors  in  all  probability  correspond  to  tbr 
medullated  axones  of  this  system.  I  refer  to  the  researches  of 
Basilewski,  Biedl,  and  others. 

The  fibres  passing  ventralward  from  Deiters*  nucleus  are  veil 
shown  in  Fig.  612.  They  come  to  lie  close  to  the  Tentro-litenl 
portion  of  the  upward  continuation  of  the  lateral  funiculi  of  tk 
spinal  cord ;  in  all  probability  they  are  more  or  less  mixed  vhh 
the  axones  of  the  ascending  neurone  systems  which  make  op 
Gowers'  tract,  and  with  the  descending  axones  from  the  red 
nucleus  to  the  spinal  cord.  The  fibres  from  Deiters'  nnclei& 
however,  to  the  cord  tend  to  occupy  a  somewhat  different  podtioB 
from  the  other  fibres  of  the  ventro-lateral  funiculus ;  they  come 
to  occupy  the  area  between  the  nuclei  laterales  and  the  remains 
of  the  ventral  horn.  '  Having  passed  downward  as  far  as  the 
spinal  cord  they  lie  in  the  peripheral  parts  of  the  zone  of  exit  alt 
the  ventral  roots,  occupying  the  lateral  portion  of  the  ventnl 
funiculus,  and  situated,  in  the  main,  ventral  from  the  ventnl 
horn.  Some  of  the  fibres,  it  is  stated,  extend  as  far  as  the  pus 
lumbalis  of  the  spinal  cord,  and  are  ultimately  exhausted  br 
branches  which  turn  in  to  end  in  the  gray  matter  of  the  ventnl 
horn. 

In  addition  to  the  descending  fibres  from  Deiters'  nodeas 
there  appear  to  be  many  other  descending  fibre  systems  in  the 
formatio  reticularis.  These  have  their  origin  in  perikajyons  of 
the  formatio  reticularis  grisea,  particularly  in  the  inferior  middle 
and  superior  central  and  lateral  nuclei. 

Those  fibres  descending  from  the  nucleus  centralis  medira 
and  nucleus  lateralis  medius  (von  Bechterew's  nucleus  reticnliris 
tegmenti  pontis)  have  been  best  worked  out.  A  good  description 
is  to  be  found  in  Tschermak's  recent  article.  Those  axones  from 
the  nucleus  centralis  medius  can  be  followed  to  the  fascicnlns 
longitudinalis  medialis.  These  there  divide  into  ascending  and 
descending  branches.  The  descending  branches  appear  to  run 
down  into  the  ventral  funiculus  of  the  cord,  there  occupying  the 
so-called  fissural  part  of  the  funiculus  (Fissurenstrang  of  the 
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Germans).  Collateral  fibres  are  given  off  to  the  formatio  retks- 
laris  on  the  way,  and  to  the  ventral  horn  as  it  is  passed.  Fibre 
of  this  neurone  system  extend  thronghoat  the  whole  length  cf 
the  spinal  cord.  This  might  be  called  the  uncrossed  desoendii^ 
spinal  neurone  system  from  the  formatio  reticularis. 

Another  system  of  axones  from  the  nucleus  centralis  medini 
can  be  followed,  passing  transversely  through  the  fascic&lsa 
longitudinalis  medius  to  the  dorso-lateral  part  of  the  opposite 
side  of  the  formatio  reticularis  alba.  Haviug  reached  that  sitia- 
tion,  the  fibres  bifurcate,  the  descending  branches  mimifif 
spinalward  in  the  bundle  lateral  from  the  fasciculus  longitodi- 
nalis  medialis,  and  ventral  from  the  genu  internum  radicis  mmi 
facialis.  The  fibres  lower  down  are  more  and  more  ventnDr 
situated,  and  come  to  lie  in  the  middle  of  the  lateral  zone  of  the 
formatio  reticularis  dorso-lateral  from  the  nucleus  olivaris  inferior, 
and  medial  from  the  ventral  angle  of  the  mass  of  fibres  which 
represents  the  tractus  spinalis  nervi  trigemini.  The  fibres  vt 
are  considering  now  come  to  lie  between  the  tractus  spinsilii 
nervi  trigemini  and  the  nuclei  funiculi  lateralis ;  while  in  thr 
spinal  cord  the  bundle  is  situated  in  the  dorso-lateral  regioo  d 
the  field  occupied  by  the  lateral  pyramidal  tract,  a  little  medisi 
from  the  descending  fibres  from  the  red  nucleus  and  from  the 
direct  cerebellar  tract.  The  fibres  of  this  crossed  system  froa 
the  nucleus  centralis  medius  can  be  followed  down  in  the  spinil 
cord  as  far  as  the  conus  terminalis.  It  grows  ever  smalkr  is 
volume  owing  to  the  passage  of  terminals  and  collaterals  whicb 
are  distributed  to  the  central  zone  of  the  substantia  grisea. 

Fusari  *  has  described  a  case  of  degeneration  implicating  the 
fibres  here  mentioned. 


*  Riv.  sperim.  (1896),  vol.  xxii,  p^  117. 


(C)  Those  the  Oell  Bodies  of  which  are  Situated  in  the 

Oerebellum. 


CHAPTER  LIX. 

KTBRMEDIARY    AND    UPPER    MOTOR    NEURONES    (CONTINUED). 

The  question  of  cerebello-spinal  paths — Studies  of  Marchi,  Ferrier  and 
Turner,  Risien  Russell,  Biedl,  Thomas,  and  others. 

In  the  cerebellum  are  situated  also  neurones  the  axones  of 
rhich  descend  in  order  to  aflfect  directly  the  lower  motor  neu- 
ones.  As  to  the  exact  position  of  these  neurones  and  their 
.zones  we  are  not  well  informed. 

The  studies  of  the  descending  cerebello-spinal  tracts  begin 
with  the  investigations  of  Marchi,*  who  described  such  a  bundle 
unning  down  in  the  peripheral  part  of  the  ventro-lateral  fascic- 
li  of  the  cord.    He  believed  that  these  fibres  came  mainly  from 
\ie  vermis,  that  they  passed  from  the  brachium  pontis  and  thence 
r  way  of  the  fasciculus  longitudinalis  medialis  and  the  stratum 
terolivare  lem nisei  into  the  ventro-lateral  fasciculi  of  the  cord. 
d  followed  the  degeneration  through  the  whole  length  of  the 
•d,  where  it  occupied  two  areas — (1)  a  ventro-lateral  area  ex- 
ding  from  the  sulcus  ventralis  to  the  ventral  extremity  of  the 
Kit  cerebellar  tract  of  Flechsig,  and  (2)  a  more  lateral  area 
%ted  just  in  front  of  the  fasciculus  cerebro-spinalis  lateralis, 
believed  that  these  fibres  terminated  in  the  ventral  horn  of 
oinal  cord,  and  that  a  lesion  of  the  bundle  containing  them 
30  to  degeneration  in  the  ventral  roots  of  the  spinal  nerves, 
entro-lateral  bundle  of  Marchi  corresponds  to  the  descend- 
rebellar  bundle,  which  has  been  described  by  Loewenthal, 
^r,  Michael  Foster,  and  others.     The  negative  findings  of 


■ohi,  V,    Suir  origine  e  decorso  dei  peduncoli  cerebellari  e  sui  loro 
5ogli  altri  centri  nervosi.   8vo,  Firenze  (1891),  pp.  1-38.  Also  in  Riv 

reniat.,  Reggio-Emilia,  vol.  xvii  (1891).  pp.  367-368.    Also  Transl. 

tal.  de  biol.,  Turin,  t.  xvii  (1892),  pp.  190-201. 
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Fenier  and  Turner,*  howeTer,  hare  made  manT  ueuixAoiziss  Sss- 
tical  as  to  the  existence  of  these  centrifugal  epinal  fibres  ahsi^  z 
the  cerebellum,  especially  as  the  English  inTestigmtors  state  pes- 
tivelV  that  when  one  lobe  of  the  cerebellum  is  extirpatec  ibe!* 
is  no  degeneration  at  all  in  the  spinal  cord.  Xbey  found  dege- 
eration,  it  is  true,  in  the  corpus  restifonne,  but  thisw  they  tx- 
lieTed,  concerns  the  fibres  extending  to  the  inferior  oliTes  a&d  ^ 
the  nuclei  funiculi  gracilis  et  enneati,  or  when  the  Tcrniis  i> 
extirpated  the  fibres  running  to  the  nucleus  of  Deiiers.  T^ 
assert  that  the  degeneration  described  by  M&rehi  is  due  b>i 
lesion  of  the  nucleus  of  Deiters  or  to  a  lesion  of  the  lemniacss. 

Another  English  inTestigator,  Risien  RusselLf  has  carried  oe: 
a  similar  series  of  experiments,  but,  instead  of  emplojing  ilse 
method  of  Weigert,  has  used  the  more  delicate  method  of  Muck. 
On  extirpation  of  the  lateral  lobe  of  the  cerebellum,  Bossell  fi^ 
degeneration  in  the  corpus  restif orme  on  the  same  side  « '^ 
lesion.  These  degeneratiTe  fibres  are  not  scattered,  but  are  lim- 
ited to  the  lateral  border  of  the  restiform  body.  On  examininf 
sections  lower  down,  these  fibres  come  to  occapj  a  more  Tencil 
position  inside  the  restiform  body.  They  leave  this  bundle  ii 
large  part  to  become  distributed  to  the  nncleas  olivaris  infaior 
of  the  same  side  and  of  the  opposite  side.  A  few  fibres  descend 
into  the  yentro-lateral  fasciculi  of  the  cord  in  the  cervical 
region.  These  fibres,  however,  Russell  states,  are  scattered  icd 
few  in  number,  and  disappear  at  the  upper  part  of  the  tb<»aeic 
region. 

When  the  vermis  is  removed  (to  quote  Busaeirs  finding?  fsr- 
ther)  the  corpus  restiforme  degenerates  on  both  sides ;  the  fibi«s 
become  distributed  in  the  formatio  reticularis  of  the  medalk 
going  to  the  nucleus  olivaris  inferior  of  both  sides.  Some  fibres 
descend  into  the  ventro-lateral  fasciculi  of  the  spinal  cord.  Bss- 
sell  does  not  lav  much  stress  upon  the  descending  cerebelltf 
paths  to  the  cord,  but  is  inclined  to  agree   with    Ferrier  and 


*  Ferrier.  A  Record  of  Experiments  Illustrative  of  the  SriBpft^w*- 
tology  and  Degenerations  Following  Lesions  of  the  Cerebellum  and  it?  Pe- 
duncle and  Related  Structures  in  Monkeys.  Phil.  Trans.  Roy.  Soe,.  \s^ 
vol.  clxxxv  (B.)  (1895),  pp.  719-778. 

f  Russell,  J.  S.  R.  Degeneration  Consequent  on  Experimental  lrfsi«xs*  ^^ 
the  Cerebellum.  Proc.  Roy.  Soc.,  Lond..  vol.  Ivi  (1894>.  pp.  303-^^:  ^ai. 
Experimental  Researches  into  the  Functions  of  the  Cerebellum.  PhiL  Tna^ 
Roy.  Soc.,  vol.  clxxxv  (B)  (1895),  pp.  819-861. 
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Turner  that  the  marked  degeneration  observed  by  Marchi  de- 
pends upon  an  accidental  lesion  of  the  nucleus  of  Deiters. 

A  stout  supporter  of  the  view  that  extensive  bundles  of  fibres 
descend  directly  from  the  cerebellum  into  the  spinal  cord  is 
found  in  Biedl.*  After  reviewing  more  or  less  thoroughly  the 
bibliography  of  the  subject  this  investigator  describes  his  own 
anatomical  findings  after  section  of  the  corpus  restiforme.  He 
decides  in  favor  of  the  centrifugal  cerebellar  path  of  Marchi, 


Fio.  613. — Descending  degeneration  in  the  spinal  cord  after  experimental  section 
of  the  corpus  restiforme.  (After  A.  Biedl,  Neurol.  Centralbl.,  Bd.  xiv,  1885, 
S,  441,  Fig.  1.)  Level  of  upper  cervical  cord.  Biedl  is  probably  wrong  in 
thinking  that  these  fibres  come  from  the  cerebellum. 

and  states  that  he  can  follow  it  from  the  uttermost  portion  of 
the  cervical  cord  almost  as  far  as  the  sacral  end  of  the  spinal 
cord.  One  bundle  runs  in  the  ventre -lateral  fasciculus  in  the 
area  coiTesponding  to  that  described  by  Marchi,  Loe  wen  thai, 
Foster,  Schafer,  and  others.  The  other  bundle  descends  in  the 
funiculus  lateralis,  and,  he  asserts,  in  the  exact  area  occupied  by 
the  lateral  pyramidal  tract — a  very  important  finding  if  it  be 
confirmed  (Fig.  613).  He  disagrees  with  Marchi,  however,  as  to 
the  way  in  which  the  fibres  get  from  the  cerebellum  to  the  cord. 
Whereas  Marchi  believes  that  they  pass  from  the  cerebellum 
by  way  of  the  brachium  pontis  through  the  fasciculus  longi- 
tudinalis  medialis,  and  the  stratum  interolivare  lemnisci  to  the 


*  Biedl«  A.     Absteigende  Kleinhimbahnen.    Neurol.  Centralbl.,  Leipz., 
Bd.  xiv  (1895),  S.  434,  403. 
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cord,  Biedl  believes  that  they  go  from  the  cerebeUam  to  Ik 
corpus  restiforme,  and  thence,  partly  through  the  faadnhi 
longitDdinalia  but  mainly  through  the  ¥eDtro-lateral  pvai 
bundles,  to  the  spinal  cord. 

Thomas,  in  Paria,  has  also  employed  Marchi'a  method,  ui 
states  that  total  remoTal  of  the  cortex  of  one  cerebellar  itmt 
sphere  causes  no  degeneration  in  the  spinal  cord.  On  extirpUH 
of  one  whole  hemisphere,  however,  he  finds  distinct  deaocndiif 
degeneration  in  the  spinal  cord  of  the  saaie  side  in  the  veatn- 
lateral  fascicnli,  which  can  be  followed  as  tar  as  the  IdbIk 
region.  He  is  of  the  opinion  that  these  fibres  arise  in  tbenDcloi 
dentatns,  and  that  they  pass  through   Bechterew'a   nndeiu  mi 
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the  nucleus  of  Deiters,  and  thence  by  way  of  the  formado  irbc- 
nlaris  to  the  ventre- lateral    fasciculi  of    the  cord.      The  i»^ 


GROUPING  AND  CHAINING  TOGETHER  OP  NEimONES.     967 

would  then  occupy  the  aatne  region  in  the  formatio  reticularis  as 
does  the  bundle  which  we  know  descends  from  Deitera'  nucleus  to 


1     rtci  G13 — Oron  section  or  ccr    ral    urd    K   and    f  loner  part  of  the      nal  cord 

B)   showioK  deg  nerat  on  after  Nrct  on  of  the  corpus  rest  fom  e  uf  the  d  ig 

A  fter  prei»rat  on  hv  4  BBsilew  k    Ink  n  fron     on  Bi  hteren   D  e  L(  tungH- 

bahoen  im  flel   m  und  Ru  ke  mark    Le  pz     1899  II    Aufl    S  3RS   F  eb  366 

;  nod  367       a  dcacending  tiailti  of  the  fasr        uh  longitudlnaliH       dial  a    b 

v'  runtinnat  onii  of  th(>  fibrcn  of  f  rtnat     ret  culans  near  the  fWx      lus  longi 

-"  tud  nalu  medial  a        fibre  system  from  the  median  pari  of  the  corpus  res 

J-  t  rmc    d  (am    nlua  ntcnued  ua 

^  the  spinal  cord ;  Thomas  states  that  if,  along  with  the  lesion  of 
'  the  cerebellum,  the  nucleus  of  Deiters  and  the  nucleus  of  toq 
'■  Bechterew  be  injured,  the  descending  degeneration  in  this  de- 
I  scendittg  tract  is  much  more  extensire.  The  findings  of  Basi- 
i  Icwski  after  section  of  the  corpus  restiforme  are  illustrated  in 
Figs.  €14  and  615, 

On  the  whole,  it  must  be  confessed  that  our  knowledge  of 
the  descending  cerebello- spinal  paths  is  at  present  unsatisfac- 
tory, the  results  of  the  various  investigators  being  markedly  con- 
tradictory. As  far  as  one  can  judge  from  the  mass  of  conflict- 
ing data  before  us,  it  seems  likely  that  a  certain  number  of 
fibres  descend  from  the  internal  nuclei  of  the  cerebellum  to  the 
conl,  and  possibly  a  few  axones  from  Purkinje  cells  in  the  cere- 
bellar cortex,  especially  since  Ramon  y  Cajal  *  finds  a  few  axones 
of  Purkinje  cells  passing  directly  into  the  corpus  restiforme. 

It  seems  likely,  however,  that  the  influence  of  the  cerebellum 
Qpot>  the  spinal  cord  is  mediated  mninly  by  means  of  neurones 

■  Ramon  ;  Cajal.  S.  Beitrag  zum  Sludium  der  Medulla  Oblan(rata  des 
Kleinhims  und  des  L'rsprung  der  Qehirnnerven.  Poutsch  von  Bresler, 
J-eipB.  (1896),  S.  121. 
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intercalated  between  the  cerebellum  and  the  cord.     These  inter- 
calated neurones  consist,  in  the  first  place,  of  those  having  their 
cell  bodies  situated   in   the  nucleus  nervi  vestibuli  lateralis  of 
Deiters,  and   possibly  in  the  nucleus  nervi  Testibuli  superior 
of  von  Bechterew,  and  (2)  those  having  their  cell  bodies  ab- 
ated in  the  nucleus  olivaris  inferior  of  the  two  sides.     Yon  Kdl- 
liker  has  especially  emphasized  the  importance  of  the  nocleoi 
olivaris  inferior   as  a  way-station  between  the   cerebellnm  and 
the  spinal  cord.      We  know  now  that,  although  the  majoritj, 
perhaps,  of  the  fibrae  cerebello-olivares  consist  of  axones  arifls; 
from  cells  in  the   nucleus  olivaris  inferior  and  passing  to  the 
cerebellum   of  the  opposite  side,  a   certain    number  of  thea 
consist  of  medullated  axones  arising  from  cell  bodies  sitoated 
in  the  cerebellum  of  one  side,  and  passing  across  the  raphe  to 
terminate  in  the  nucleus  olivaris  inferior  of  the  opposite  sdt 
(von  Eollikef,  Russell,  Biedl,  Thomas).      The  connection  be- 
tween the  nucleus  olivaris  inferior  and  the  spinal  cord  most  be 
made  by  means  of  the   fasciculus  ventralis  proprius  and  the 
fasciculus  lateralis  proprius.     The  so-called  olivo-spinal  bandk 
has  been  described  above.     In  Weigert-Pal  preparations  of  thr 
medulla  of  the  newborn  babe  large  numbers  of  medullated  fil»c» 
can  be  seen  extending  between   these  fascicnli   proprii  of  the 
cord  and    the   hilus  nuclei  olivaris   inferioris.      How  manj  d 
these  fibres  pass  from  the  cord  to  terminate  in  the  olive,  iid 
how  many  pass  from  the  olive  to  terminate  in  the  cord,  it  isai 
yet  impossible  to  say.     The  study  of  experimental  d^eneratitts 
and  of  suitable  Golgi  preparations  must  be  relied  upon  to  pn 
us  the  information  which  we  desire  upon  this  point. 


^     <I>)  Those  the  Cell  Bodies  of  which  are  Situated  in  the  Mesen- 
cephalon Imd  Diencephalon. 

CHAPTER   LX. 

INTERMEDIARY    AND    UPPER    MOTOR    NEURONES    (CONTINUED). 

The  path  from  the  superior  colliculus  to  the  spinal  cord — The  path  from 
the  red  nucleus  to  the  spinal  cord — ^The  fasciculus  tegmenti  centralis  or 
centrale  Haubethbahn. 

That  the  lower  motor  neurones  stand  to  a  certain  extent 
under  the  influence  of  neurones  whose  cell  bodies  are  situated  in 
the  mesencephalon  there  can  be  but  little  doubt.  Reference  has 
Already  been  made  to  the  fact  that  many  optic  neurones  and  au- 
<iitory  neurones  of  the  second  order  terminate  about  cell  bodies 
in  the  superior  colliculus  of  the  corpora  quadrigemina.  The 
axones  of  these  cells  pass  down,  decussate,  and  sooner  or  later 
Join  the  fasciculus  longitudinal  is  medialis,  the  fibres  of  which,  as 
we  know,  come  into  contact  relation  with  the  motor  nuclei  of 
the  cerebral  nerves,  and  with  the  ventral  horns  of  the  cervical 
<cord.  Fibres  from  the  nucleus  lateralis  superior  to  the  fasciculus 
longitudinalis  medialis  are  well  shown  in  Fig.  616.  In  this  way 
the  connection  of  the  corpora  quadrigemina  (and  of  the  retina) 
with  the  neurones  in  the  cervical  cord,  the  axones  of  which  pass 
through  the  rami  communicantes  to  the  sympathetic  and  lead  to 
alterations  in  pupillary  contraction,  may  be  explained. 

The  studies  of  Held  and  Tschermak  make  it  appear  that  this 
■crossing  spinal  system  from  the  middle  and  deep  gray  matter  of 
the  superior  colliculus  of  the  corpora  quadrigemina  forms  in 
large  part  the  decussatio  tegmenti  dorsalis  (fontaineartige  Hauh- 
enkreuzung  of  Meynert).  Having  crossed  the  raphe,  the  fibres 
lie  in  a  separate  bundle  which  goes  through  the  whole  brain 
Btem  just  ventral  to  the  fasciculus  longitudinalis  medialis.* 
According  to  Held,  collaterals  are  given  off  on  the  way  to  the 


*  Praedoraales  LdngsbUndel  of  the  Germans. 
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deep  gray  matter  of  the  superior  colHculns  and  to  the  stnom 
griseum  centrale  of  the  same  side,  and,  by  way  of  the  doiail 
commissure,  to  the  opposite  side.  Collaterals  are  also  sent  into 
the  nucleus  nervi  ocnlomotorii  of  each  side,  and  to  the  nndeiis 
nervi  trochlearis  and  nuclei  nervi  abdacentis  of  the  opposite  side. 
Tschermak  has  found  that  the  distal  axones  here  concerned  give 
off  also  collaterals  lateral  ward  to  the  cells  of  the  formatio  rtticQ- 
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Fig.  616.— Section  thnrngb  the  midbiain  innstratliis  the  i^latioii  of  tlir  av^ 
lateralis  superior  to  the  fiiscicnliis  lon^tudinalis  medialis.  •  After  H.  BHi 
Abhaadl.  d.  sachs.  Gesellsch.  d.  Wiasenseh.,  LeipK.,  1888,  Twk  iiL  F«.  E 

laris^  especially  to  the  nucleus  centralis  medins  and  the  nnd^ 
centralis  inferior.  Some  collaterals  cross  the  raphe  to  the  sia^ 
nucleus  of  the  other  side.  Lower  down  the  bundle  concfrae^ 
comes  to  occupy  the  Tentral  part  of  the  fissaral  portion  of  ttf 
ventral  funiculus,  and  exhausts  itself  bj  giTing  off  c(d}atenl>  <&^ 
terminals  to  the  columna  grisea  ventralis  of  the  same  i^  ^' 
partlj  by  sending  axones  through  the  commissnra  yentnii^i^^ 
to  terminate  in  the  contralateral  colnmna  grisea  Tentnli&  T^f 
longest  stem  fibres  of  the  neurone  system  here  nnder  cofi3<i^ 
tion  reach  as  far  down  as  the  lower  part  of  the  pars  lonhiL^ 
It  seems  likely  that  Loewenthal*s  marginal  fasciealns  is  idecti>^ 
with  the  system  here  described. 

A  very  interesting  series  of  experiments  is  that  made  bv  R^^'^f ' 

♦  Boyw,  R.    XeoroL  Centmlljl^  Leipoc  O^Mk,  S.  4«L 
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He  made  hemiBection  of  the  midbrain  at  the  level  of  the  third 
nerve  io  cats,  and  found,  by  Marchi's  method,  descendiug  degen- 
eration through  the  dorsal  tegmental  decussation  of  Meynert 
into  the  bundle  which  runs  just  ventral  to  the  fasciculus  longi- 
tudinalia  medialis  of  Che  opposite  side.  He  followed  these  fibres 
down  into  the  fissoral  part  of  the  ventral  funiculus  of  the  cord 
as  far  as  the  pars  thoracalis. 

Boyce  also  found  degeneration  through  the  ventral  tegmen- 
tal decussation  of  Forel;  further  down,  degenerated  fibres  at 
first  dorso-lateral  from  the  lemniecus  medialis,  passing  through 
the  region  traversed  by  the  stem  of  the  facial  nerve ;  then  ventral 
from  the  tractus  spinalis  nervi  trigemini,  and  dorsal  from  the 


Flti-  617.— Section  through  the  mub  Bhnwing  degenenitlon  of  fibres  afl^r  removBl 
of  the  left  hemisphenj.  I  After  K.  Bo vee.  Neurol.  On  ttslbl.,  Leipz.,  Bd.  liii. 
18M.  8.  467.  Fig.  1.)  a.  deacendiDg  degenenvtiun  of  the  fascicuti  cerebro-Bpi. 
nales;  i,  descending  deKeneratJon  of  the  fasciculus  lungitudinalis  mcdinliq;  c, 
descending  degenemtion  of  the  fibres  of  the  fosciculus  veatro-lateralin  ( from 
the  decuasatio  tegmenti  dorsatia  Meynertil;  if.  descending  degeneration  of 
the  Sbres  of  the  fksclculus  lateralig  vfrom  the  docuniBtio  tejtmenti  ventralis 
ForFlii;  e,  degeneration  of  tbe  radix  deacendeoB  (mesencephalica)  N. 
trigeioiiii. 

nucleus  funiculus  lateralis  into  the  spinal  cord,  where  the  fibres 
lay  just  in  front  of  the  degenerated  lateral  pyramidal  tract. 
The  degenerated  fibres  could  be  followed  as  far  as  the  lumbar 
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cord.     The  findings  in  Boyce's  cases  are  well  illustrated  in  Fifg. 
617,  618,  and  619. 

It  seems  likely,  as  Tschermak  suggests,  that  Boyce^s  basdk 
from  the  dorsal   tegmental  decussation    corresponds  to  HcJd'i 


Fio.  618. — Section  showing  degeneration  of  the  decussatio  pynunidnni  i&? 
removal  of  the  left  hemisphere.  (After  R.  Boyce,  Neurol,  ^ntzilbl..  Lfi|L 
Bd.  xiii,  1894,  S.  468,  Fig.  2.)  o,  degeneration  of  pymmis,  left  sid«:  a.4r 
generation  of  fibres  in  the  region  of  the  &8ciculiis  cerebro-spinalis  Te&tii& 
6,  fibres  from  the  fasciculus  longitudinalis  medialis ;  c,  fibivs  to  the  iwekBii 
ventro-lateralis  (from  the  decnssatio  tegmenti  dorsalis  Meynerti). 

crossing  spinal  system  from  the  superior  collieulus  to  the  Tentm 
horns.  Boyce's  fibres  from  the  ventral  tegmental  decnsitkc 
probably  correspond  to  (1)  the  crossing  descending  system  fn« 
the  red  nucleus ;  (2)  the  crossing  descending  system  from  tfe 
nucleus  centralis  superior  and  the  nucleas  lateralis  superior. 

The  crossing  descending  spinal  system  from  the  niickii» 
ruber  of  the  tegmentum  connects  the  nucleas  ruber  with  ^ 
spinal  cord.  The  axones  arise  from  perikarrons  in  the  nacJea 
ruber.  They  then  pass  through  the  decussatio  tegmenti  Tcntnls 
Foreli,  and  come  then  to  be  situated  ventro-lateral  from  tl> 
nucleus  ruber  of  the  other  side  (Held,  Ramon  y  Cajal).  ittbf 
level  of  the  collieulus  inferior  the  axones  of  this  system  & 
among  the  fibres  of  the  medial  part  of  the  lemniscus  htei^ 
Further  spinalward  these  fibres  occupy  a  region  situated  betieefi 
the  tractus  spinalis  nervi  trigemini  and  the  nuclenB  olrnnj 
superior.  In  its  descent  through  the  medulla  this  descesdist 
system  from  the  red  nucleus  is  mixed  up  with  the  fibres  vbis* 
ascend  in  Gowers'  tract.  The  fibres  pass  into  the  i^on  of  ^ 
medulla,  which  corresponds  to  the  upward  continuation  d^ 
ventro-lateral  funiculi  of  the  cord.     The  fibres  of  the  descfiwiK^ 
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—  >%ystem  from  the  red  nucleus  are  situated  somewhat  laterally  in 

the  bundle,  but  medio-ventrally  as  regards  the  tractus  spinalis 

"•i  neriri  trigemini,  and  lower  down,  lateral  from  the  nucleus  funiculi 

^-i lateralis.  In  the  funiculus  lateralis  of  the  spinal  cord  these  fibres 
assume  in  the  cross  section  the  form  of  a  comma  lying  medial 
from  the  direct  cerebellar  tract  in  the  lateral  part  of  the  area 

^'  corresponding  to  the  fasciculus  cerebro-spinalis  lateralis.  The 
comma  extends  from  the  dorsal  horn  ventralward  as  far  as  the 
region  of  Gowers'  tract.  The  bundle  is  gradually  exhausted, 
owing  to  the  giving  off  of  collaterals  and  terminals  to  the  sub- 
stantia grisea,  especially  to  the  lateral  horn  and  the  central 
zone  of  gray  matter.     The  longest  fibres  reach  as  far  down  as 

y  the  pars  lumbalis  medullae  spinalis.  This  bundle  probably  cor- 
responds to  that  described  by  Ferrier  and  Turner  as  descending 
from  the  nucleus  lemnisci  lateralis.     It  appears  to  have  been 

^    degenerated  also  in  Biedl's  cases.     Tschermak  is  of  the  opinion 


L  II. 

Fig.  619. — Sections  throujrh  the  upper  part  of  the  cervical  spinal  cord.  (After 
B.  Boyce.  Neurol.  Centnilbl.,  Leipz.,  Bd.  xiii,  1894,  S.  469,  Fig.  3.)  I.  De- 
generation after  removal  of  the  left  hemisphere,  right  side  ;  a,  degeneration 
of  fibres  in  the  region  of  the  fasciculus  cerebro-spinalis  lateralis ;  c,  degenera- 
tion of  fibres  of  the  fiEMciculus  ventro-lateralis  (from  the  decussatio  tegmenti 
dorsalis  Meynerti) ;  d,  degeneration  of  fibres  of  the  fasciculus  lateralis  (from 
the  decussatio  tegmenti  ventralis  Foreli).  II.  Degeneration  after  removal 
of  the  motor  zone  of  the  left  hemisphere,  right  side  ;  a,  degeneration  of  the 
fibres  of  the  fiEMciculus  cerebro-spinalis  lateralis.  III.  Degeneration  after 
removal  of  the  left  hemisphere,  left  side  ;  no  degeneration  of  the  fasciculus 
cerebro-spinalis  lateralis ;  b,  degeneration  of  fibres  from  the  fasciculus  longi- 
tudinalis  medialis ;  d,  degeneration  of  fibres  of  the  fasciculus  lateralis,  section 
below  the  level  of  their  decussation. 


that  in  Basilewski's  case,  and  in  the  experiment  of  Sakowitsch 
reported  by  Bechterew,  this  bundle  from  the  red  nucleus  was 
also  degenerated. 

The  view  that  from  the  diencephalon  axones  pass  downward 
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which  can  influence  the  motor  nuclei  has  met  with  genenl  k- 
ceptance,  though  in  just  what  portions  of  the  corpus  stratam 
and  thalamus  the  cell  bodies  of  these  neurones  are  sitiuted, 
and  in  what  tracts  their  medullated  azones  pass  downvsi 
whether  in  the  tegmental  tract  or  in  the  bundles  of  the  bsa* 
pedunculi,  we  are  as  yet  almost  completely  ignorant.  VonMoB- 
akow  assumes  that  all  thalamic  tracts  are  corticopetal,  and  thai 
the  thalamus  does  not  represent  a  motor  centre  intercalattd 
between  the  cortex  and  the  lower  motor  centres. 

Von  Bechterew  and  Flechsig  have  described  as  descendifi^ 
from  the  diencephalon  a  special  bundle  which  they  call  the  en- 
trale  Haubenbahn,  I  have  referred  to  it  in  various  illastntio&i 
of  the  region  through  which  it  passes  as  the  fasciculus  tegme&ti 
centralis.  There  seems  to  be  some  doubt  as  to  whether  it  has  is 
origin  in  perikaryons  in  the  thalamus  or  in  the  nucleus  lenti- 
formis.  The  bundle  is  easily  isolated  by  the  method  of  mjdini 
zation,  as  the  fibres  are  medullated  very  late.  It  has  also  bees 
described  degenerated  in  a  recent  case  studied  by  von  Bechterer. 
Thus  far  studies  by  Golgi^s  method  of  this  fasciculus  are  wanUD^> 
It  appears  to  terminate  in  the  nucleus  olivaris  inferior.  Its  poa- 
tion  in  the  central  region  of  the  pars  dorsalis  pontis  gires  it  rj 
name.  [For  figures  illustrating  the  fasciculus  tegmenti  centnls 
the  index  should  be  consulted.] 


\ 


(E)  ThoM  the  Cell  Bodies  of  which  are  Situated  in  the  Telen- 
cephalon (Pallium  and  Rhombencephalon). 

We  have  much  more  exact  information  concerning  the  neu- 
rones which  throw  peripheral  motor  neurones  under  the  influ- 
ence of  the  pallium.  These  may  be  divided  into  (a)  neurones 
with  medullated  axones,  making  up  the  fibres  of  the  pyramidal 
tract ;  (b)  neurones  with  medullated  axones  corresponding  to  the 
frontal  cerebro-corticopontal  path ;  (c)  neurones  with  medullated 
axones  corresponding  to  the  temporal  cerebro-corticopontal  path ; 
(d)  neurones  which  possibly  connect  the  occipital  region  of  the 
cortex  with  the  lower  motor  neurones;  and  (e)  neurones  con- 
necting the  olfactory  region  of  the  cortex  with  the  lower  motor 
neurones. 

CHAPTER  LXL 

THE   PYRAMIDAL  TRACT. 

The  motor  area  of  the  cortex — Perikaryons  and  dendrites — Course  followed 
by  the  axones — Decussatio  pyramidum — Fasciculus  cerebro-spinalis  late- 
ralis— Fasciculus  cerebro-spinalis  ventralis — Studies  by  the  erabryolop:- 
ical  method  of  Flechsig — Physiological  experiment  including  electrical 
stimulation — Secondary  degenerations  of  the  pyramidal  tract — Studies 
by  Golgi's  method. 

1.  ThoM  tlM  Azonat  of  which  Comfpond  to  tho  Faodonli  Cerohro-opiiudoi  or 

Tract. 


(Ad  a.)  The  neurones  with  axones  corresponding  to  the  fibres 
of  the  pyramidal  tract  have  been  most  carefully  investigated,  and 
are  the  best  understood  of  all  the  neurones  now  under  considera- 
tion. Their  cell  bodies  are  situated  in  the  so-called  motor  area 
of  the  cortex  (zone  motrice  of  Charcot).  Their  axones  extend 
from  this  situation  to  the  motor  nuclei  of  the  cerebral  nerves  and 
to  the  cell  bodies  of  the  peripheral  motor  neurones  situated  in 
the  spinal  cord,  some  of  them  reach inar  as  far  as  the  lowermost 

portion  of  the  sacral  spinal  cord.     Thus  some  of  the  motor 
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axones  are  among  the  longest  of  cell  processes  ocenrringxB:^ 
body.* 

The  motor  area  of  the  cortex,  corresponding  to  the  dtmSK 
of  the  cell  bodies  and  dendrites  of  the  neurones  we  are  not  a- 
scribing,  includes  the  anterior  and  posterior  central  gyri,  thek 
of  the  superior,  middle,  and  inferior  frontal  gyri  on  the  exteia 
surface  of  the  hemisphere,  and  the  lobulus  paracentndis  on  the  & 
ner  surface  of  the  hemisphere.    It  will  be  immediately  noticed ik 
this  area  corresponds  closely  to  the  region  of  the  cortex  in  vbic 
terminate  the  axones  of  the  central  sensory  neurones  which  csn 
impressions  from  the  periphery  of  the  body,  muscles,  and  intieim 
organs  to  the  cerebral  cortex.     Indeed,  the  motor  area  coc^ 
spends  more  or  less  closely  to  what  has  above  been  designated  n 
the  ^^ somsBsthetic  area  "  of  the  cortex  {Karperfuhlskdre oi^Am. 
Tastsphdre  of  Flechsig).f    In  this  area  are  situated  many  miSm 
of  cortical  pyramidal  cells,  each  supplied  with  one  main  s&tiBf 
apical  dendrite  running  out  to  branch  more  or  less  freely  in  tk 
molecular  layer  of  the  cortex,  with  dendrites  of  smaller  ox  cos- 
ing off  from  the  angles  at  the  base  of-  the  pyramid,  and  wid 
an  axone  which  soon  becomes  medullated  and  runs  into  the  whhr 
matter  to  form  one  of  the  constituent  fibres  of  the  centrum  semh 
ovale  of  the  hemisphere.     By  no  means  all  of  the  pyramidal  ce& 
situated  in  the  motor  area  belong  to  the  group  of  neurones  whid 
we  are  just  now  considering.     Besides  large  numbers  of  Golf 
cells  of  Type  II  of  local  significance,  and  cells  with  axones  asoeDd- 
ing  to  pass  out  toward  the  surface  of  the  cortex  (cells  of  Martis- 
otti),|  a  great  number  of  these  cells  represent  the  neurones  d 
association  systems  connecting  neighboring  gyri,  gyri  at  a  dis- 
tance from  one  another  in  the  same  hemisphere,  and  gyri  in  o&e 

*  Strictly  speaking,  the  pyramidal  tract  does  not  include  the  axooes  gcBf 
to  the  nuclei  of  the  cerebral  nerves,  but  only  those  going  throagfa  the  pm- 
mids  of  the  medulla  to  the  spinal  cord.  The  tendency  is  becoming  gtaaC 
however,  to  extend  the  term. 

f  Tamburini  has  stated  as  a  general  law  that  motion  and  sensitiootft 
represented  together  in  the  pallium,  and  Golgi  has  strongly  supported  a  sb- 
ilar  view. 

t  Martinotti,  C.  Di  alcuni  nuovi  gruppl  di  cellule  cierebrale  smili  c 
cosidetti  granuli  del  cervelletto.  Ann.  di  freniat.  e  sc  afll,  etc  Toriiw 
(1888-*89),  i,  pp.  221-226.— Oontributo  alio  studio  della  cortecciacerefarak^i 
alVorigine  centrale  dei  nervi.  Ann.  di  freniat.,  etc.,  Torino,  vol.  i  (1J*98-^-. 
pp.  314-332.  Transl.  in  Intemat.  Monatschr.  f.  Anat.  a.  PfavsioL.  U^ 
Bd.  vii  (1890),  S.  69-90. 
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Fio.  820.— Large  pyramidftl  cellsortbe  cortei.  (After  W.  von  Bechterew,  Hie 
lA^'itungBbBhnen  iui  U«hini  uiid  Biickenmwk,  Leipz.,  II.  Anfl.,  1699,  S.  156, 
4ST.  FiKa.*n.  41B.) 
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hemisphere  with  those  of  the  other.  Indeed,  onlv  a  retiint 
small  DDmber  of  pyramidal  cells  in  the  motor  area  of  tlw  ftrs 
represent  cell  bodies  of  oearoDes,  the  asoaes  of  which  pas  i»r:- 
ward  through  the  cerebroepioal  axis  to  come  into  condnctioo 
latiou  with  the  lower  motor  Deurones.  The  cell  bodies  trf  tb» 
pyramidal  cells  are,  as  a  rule,  of  rather  lar^r  size  thao  ibe 
neighbors,  and  inclndc  the  large  pyramitlal  cells  (Fig.  ^'In- 
scribed by  Bevan  Lewis  and  by  Hammarberg  and  the  stHaDe 
giant  pyramidal  cells  met  with  in  these  r^ions  (Fig.  621).  tsft 
cially  those  gigantic  cells  in  the  lobnlus  paracentnUis  (Rian- 
pyramidenzellen  of  Betz)  the  axooea  of  which  have  to  ran  tb 
longest  distance  (to  the  Inmbar  and  sacral  cord)  (Fig.  6:^).  TV 
Btracture  of  the  cortex  of  the  gyrus  centralia  anterior  tt  np- 
senled  in  Fig.  GiZ. 


Flu.  631. — DiaETsm  shnwing  poBition  and  nurobcrof  jtiant  pj-nuuidsl  <ctbiiD  A( 
fqinu  rpattalU  anU'rior  of  ■  nun  forty-thrve  yean  itld.  [  .Kttiet  K  Toa  i3- 
liker.  Huulbuch  di-i  Gk-wt^bclehrr.  Bd.  ii.  S.  650.  Fik.  Tao.) 

The  exact  relations  of  the  cells  in  this  area  to  one  another  and  v> 
incoming  fibres  have  been  carefully  worked  ont  by  Beran  Levis.* 

*  LeoiB,  B.  On  the  ComparatiTe  Stmctureof  the  Cort«x  Cerebri.  Bnii> 
Tol.  i  <18T»-'79),  pp.  T8-96— Lewis,  B..  ftnd  H.  Clarke.  The  Cortical  Un- 
JDalion  of  the  Motor  Area  of  the  Brain.  Proc.  Ruy,  Soc,  Lon<L.  tbI.  Ht* 
(1878),  pp.  38-4ff.— Lewis,  W.  B.    Researches  on  the  Comparatire  StradiR 
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<ioIgi,*  Ramun  y  Cajal.f  Hammarberg,  E.  A.  Schafer,  Aodriez- 
xe.a,  vun  Kolliker,  and   others.     The  cell   bodies  witli  azones 


'Si*'' 


'Ny. 


^^1  It  J  -^  , 


<i       : 


«~»f  the  (;c.rt«x  CerebrL    Phil.  Trans.  Roy.  Soc.,  Lond.,  vol.  dxiti  (1880),  pi.  i, 
»->p.  3S-64. 

*  Oolgj.  C.  Sulla  Ana  anatomia  degli  orgaiii  ceotrali  del  sislema  nervoso. 
^lilann.  1886(1885).  Hwpli.  8to.  p.  314. 

t  Kamun  j-  Cajal.  S.  Sobre  ta  eiistencU  de  wlulas  nerviosa*  especiale.t 
^11  la  primiini  capa  de  las  oircunvolucionps  cerebrales.  Gac.  iiii'hI.  catal. 
Xiarcel.,  val.  xiii  (18B0).  pp.  787-789.— Sobre  la  existeiicia  de  bifurcaeiones  y 
*^  o  I  sUrales  en  los  nervios  sensitivos  eranealea  y  au^laiicia  blanca  del  cerebru. 
*^-'^»«.  a»n.  de  Barcel..  vol.iii*(I890-'91),  pp.  282-284. and  in  Crun.  ro^.,Valeu- 
c=  So.,  vol,  «iv  <18»1).  pp.  230-233,— El  iiucro  concepto  de  la  hislologia  de  loa 
^«;ntPos  nprviosoi.  Rev.  de  cien.  med.  de  Barcel.,  vol.  xviii  (1893),  pp.  361- 
i-ye  :  4.17-176. 


IIW 


THE  NERVOUS  SYiSTKH. 


•  * 


•     u 


14 


^ 


X 


.sas 


going  to  the  motor  nnclei  of  zxut  5i 
ated  on  the  lateral  sarfaoe  of  tiae  «ar%£i ; 
aboTe  the  Svlnan  fissure;.  Tbost  jazz's' 
cerrical  enlargement  of  the  »p(£&al  tnri  5 
erning  the  lower  motor  neurones  «€  taeis 
tomes  which  innenrate  the  musdes  ^£  ^ 
per  limb)  are  situated  in  ihe  middk  :t^ 
while  those  the  axones  of  whicii  tel  9 
lumbar  and  sacral  cord  are  situated  in  ^ 
per  portion  of  this  area,  and  in  the  ktsi 
paracentralis  on  the  inner  snrfaoe  of  :i»'a 
sphere. 

The  axones  shortly  after  leaving  Vbtt 
give  off  collaterals  which  Flechsig  *  h^  ^ 
to  be  medallated.  The  axones  of  these  m 
neurones  all  stream  ont  into  the  oentrnm  a 
ovale,  and  run  in  the  corona  radiata  of  tin 
temal  capsule.  Arrived  at  the  internal  c$af 
they  occupy  (at  the  level  most  f reqnenth 
scribed)  the  genu  and  the  anterior  two  ti 
of  the  posterior  limb  of  the  internal  caps 
The  fibres  at  the  knee  of  the  capsole  are  t 
which  have  come  from  the  lowermost  regit 
the  motor  area  (fibres  governing^  movemes 
the  tongue  and  face) ;  behind  them  are  sits 
the  fibres  of  the  middle  region  of  the  n 
area  (fibres  governing  moTements  of  the  si 
der,  arm,  forearm,  and  hand)  ;  while 
posterior  of  all  are  situated  the  fihres  fron 
uppermost  portions  of  the  motor  area  {i 
governing  movements  of  the  lower  extren 
From  the  internal  capsale  these  medal 
axones  are  continued  down  through  the  ba 
the  cerebral  peduncle,  of  which  they  00 
(roughly  speaking)  the  middle  three  fifths, 


♦  Plechsig,  P.  Ueber  eine  neue  F&rbangsmrt 
des  centralen  Nervensjstems  und  deren  Ergeii 
bezQglich  des  Zusammenhanges  Ton  Gai^ienzellei 
Nervenfasern.  Arch.  f.  Anat.  u.  PhjsioU  PIr 
Abtheilung,  Leipz.  (1889),  S.  537. 

+  Lenticular  segment  of  Dejerine. 
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then  plunge  into  the  Bubstance  of  the  pons,  making  up  in  it  a 
large  proportion  of  the  fasciculi  longitudinales  of  the  pars  basi- 
laris  pontis,  being  separated  from  the  surface  by  the  fibrae  pontis 
superficiales.  In  the  midbrain  and  in  the  pons  a  number  of  the 
axones  terminate,  coming  into  direct  contact  relation  with  the 
cell  bodies  and  dendrites  of  the  lower  motor  neurones  situated  in 
the  nucleus  nervi  oculomotorii,  nucleus  nervi  trochlearis,  nuclei 
motorii  nervi  trigemini,  nucleus  nervi  abducentis,  and  nucleus 
nervi  facialis.*  Some  fibres  go  into  the  nuclei  of  the  same  side, 
but  the  majority  go  into  the  nuclei  of  the  opposite  side.  The 
exact  place  where  the  fibres  of  these  nuclei  leave  the  main  bun- 
dles, and  the  exact  paths  which  they  follow  to  the  nuclei,  have 
not  as  yet  been  fully  determined,  but  already  a  certain  amount  of 
valuable-information  bearing  upon  these  points  has  been  obtained 
{vide  infra).  The  statement  that  nerve  fibres  from  these  bundles 
do  pass  to  these  nuclei  is  based  mainly,  but  not  solely,  upon  clini- 
cal experience,  physiological  experiment,  and  analogy. 

As  these  axones  pass  through  the  pons  they  give  off  numer- 
ous collaterals  which  terminate  in  the  nuclei  pontis. 

Leaving  the  pons,  the  axones  are  continued  through  the 
medulla  oblongata,  forming  there  the  well-known  fasciculi  pyra- 
mid ales,  which  correspond  on  each  side  to  the  pyramis  medullse 
oblongatss,  as  seen  from  the  surface.  The  fact  that  the  fibres  in 
the  cord  represent  the  continuations  of  those  which  make  up  the 
pyramids  of  the  medulla  oblongata  gave  rise  to  the  name  "  py- 
ramidal tract."  This  term  was  not  derived  from  the  pyramidal 
cells  in  the  cerebral  cortex,  as  some  have  erroneously  thought. 

In  the  medulla  the  bundle  of  axones  on  each  side  diminishes 
in  volume  owing  to  the  exit  of  fibres  which  run  to  the  groups 
of  cell  bodies  and  dendrites  of  peripheral  motor  neurones  situ- 
ated in  this  region — namely,  to  the  nucleus  ambiguus  (nuclei 
motorii  glossopharyngii,  N.  vagi  et  N.  accessorii)  and  the  nucleus 
hypoglossi. 

In  the  lower  part  of  the  medulla  oblongata,  just  above  the 
cervical  cord,  the  majority  of  the  fibres  of  each  bundle  cross  over 
to  the  opposite  half  of  the  neural  axis,  giving  rise  to  the  well- 
known  decussatio  pyramidum  (Fig.  624).    This  decussation  does 

*  We  have  already  referred  to,  and  shall  farther  on  again  point  out,  the 
fact  that  fibres  to  the  nuclei  of  the  motor  cerebral  nerves  are,  strictly  speak- 
ing, to  be  separated  from  the  fibres  going  to  the  spinal  cord. 


9s->  THE  SERVOCS  »Y^TE3l. 

not  occur  all  at  one  spot,  bat  extends  S-or  m  ofH=ffmr»  <if  tfic 
one  cm.,  taking  pUce  in  mcoesdve  bondleK.  Tx>e  ifans  mta 
croe  fra^  «■«  »je  to  nr 
oilier  [>2ni^ge  tkn^a  tb 
gniT  mati^  «<  tfe  nsui 
horn  into  liite  lu^nl  fxna 
\as  of  tiic-  oppoatc-  ait,  £<- 
ing  rise  to  the  tecnib 
cerebro  -  cpiittlkt  Istenbs  ^ 
the  opposte  faatf  ot  iht  ^ 
lul  cord.  A  oenain  fnpt- 
tkm  of  ibe  fibrae  ac  M 
cross  bat  go  don  on  at 
Gune  dde  of  tb«  coH.  tb 
majoritr  of  tb^  in  base 
beings  occtipTmg  a  npxd 
the  Tentral  faDicnlBi.  fon- 
ing  the  so-calied  fnoicBlB 
cerebro  -  Epinalu  rrctnlk 
Some  of  tbe  fitwe^.  bovne. 
run  dovn  on  tbe  ettat  sA 
in  tbe  fa^cicnliu  vmhn-f^ 
nalis  lateralis,  so  tbat  in  tk 
spinal  cord  tbe  faencolE 
cerebro-spinalis  Tentnls  b 
an  uncrossed  baodk,  vhiit 
tbe  fascicnlii^  c^nhn-epr 
nalis  lateralis  is  in  tbe  ma 
a  crossed  bundle,  but  km- 
tains  a  certain  nnmber  d 
nncroseed  fibres. 


Fl<^.  «M.— Srhrmv  Khoirini  the  dn^uMitio 
prramidum  at  the  InwtT  put  of  the 
idm1uII>  ubluDf^ta.  (After  A.  ran  Gf- 
hurhtf'D.  AnatJimip  du  ayoimf  nerrru" 


Lfu  V.!.,! 


/pfU.    buwimlua  cerrhnmpinal 
tislU:  /pW'  raHcit-ulag  wrrhm^pinalu 
ktpruliH:    lUi.  nucleus  nmhlguug;    at, 
nurleuH  sIk  I'inenw  ;  a.  nucleus  oKva- 
Hk  inferii 


iiT ;  pa.  t'orpus  rCTtiiora 
pyraniin  medullie  uhliingatB : 
nmiH:  XII,  N.  hypnnBiiauii. 


There  bas  been  a  gnat  iW 
of  discuEsioQ  during  tbe  ff 
few  years  concemiog  Utt  dr- 
cussation  of  tbe  prramiU 
fibres.  Tbe  view  jErenenilly  held  until  recently  was  that  all  nf  dr 
fibres  of  the  lateral  pyramidal  tract  were  crossed  fibres  wbkh  urmt 
nated  in  the  ventral  horns  of  tbe  same  side,  and  that  all  of  tbe  Gbm 
in  the  ventral  tract  (direct  pyramidal  tract)  were  uncrossed  6bn 
which,  however,  crossed  immediately  or  shortly  before  tbeir  it^ 
nation  by  passing  through  the  ventral  white  commissure  to  f^ 
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in  the  ventral  horns  of   the  opposite   side.     According    to   this 
view  there  was,  therefore,  ultimately  a  complete  decussation  of  the 
pyramidal  tract  fibres ;  that  is  to  say,  all  the  fibres  from  the  pallium 
to  one  side  of  the  spinal  cord  came  from  the  opposite  half  of  the 
brain,  a  view  which  was  supposed  to  agree  entirely  with  clinical 
observation  and  pathological  findings.    In  1881  and  1882,  however, 
Pitres  found,  after  unilateral  cerebral  lesion,  besides  the  degenera- 
tion in  the  opposite  lateral  tract  in  the  cord  (heterolateral  bundle),  a 
feeble  degeneration  in  the  fasciculus  cerebro-spinalis   lateralis  of 
the  same  side  (homolateral  degeneration).    In  an  article  published 
in  1884  he  makes  the  statement  that  his  homolateral  degeneration 
could  be  made  out  in  no  less  than  ten  of  forty  cases.    These  studies 
of  Pitres  have  been  confirmed  by  other  pathologists.    In  addition, 
a  large  number  of  experiments  on  animals  are  in  agreement  with 
his  observations ;  thus  Franck  et  Pitres,  Moeli,  Sherrington,  Mel- 
ius, Fiirstner  and  Knoblauch,  Unverricht  and  Kusick,  Sandmeyer, 
F.  W.  Mott,  Muratoff,  Bothmann,  Wertheimer,  and  Lepage,  after 
cortical  lesion  experimentally  produced,  have  studied  the  cord  for 
secondary  degenerations.    All  are  agreed  that  besides  the  abundant 
heterolateral  degeneration  more  or  less  homolateral  degeneration 
also  occurs.    It  is  to  be  remembered,  however,  that  in  the  animals 
below  man,  so  far  investigated,  except  in  the  monkey,  no  ventral 
pyramidal  tract  exists ;  all  the  pyramidal  tract  fibres  of  the  cord 
must  run  down  in  the  lateral  funiculus,  and  it  has  been  assumed 
that  the  fibres  which  degenerated   homolaterally  in  animals  cor- 
respond to  the  fibres  which  in  man  run  down  in  the  ventral  funicu- 
lus.   Hallopeau^s  suggestion  that  the  degeneration  of  the  homolat- 
eral bundle  depended  upon  pressure  effects  exercised  by  degenerating 
fibres  of  one  side  at  the  level  of  decussation  in  the  medulla,  has 
been  supported  to  a  certain  extent  by  the  experiments  of  Rothmann. 
This  observer,  operating  upon  a  dog  and  a  monkey,  found,  after  uni- 
lateral lesion  of  one  motor  zone,  degeneration  always  in  both  py- 
ramidal bundles  in  the  spinal  cord  in  accordance  with  what  had 
been  established  by  previous  investigators.    He  states,  however,  that 
th^  degeneration  is  permanent  in  a  crossed  track,  but  in  the  homo- 
lateral bundle  is  temporary,  lasting  only  about  two  months — that  is, 
as  long  as  pressure  effects  would  probably  be  exerted  at  the  level  of 
pyramidal  decussation.     The  homolateral  degeneration  in  man, 
however,  is  permanent,  but  Bothmann  suggests  that  this  may  be 
the  result  of  defective  nutrition,  since  in  human  beings  sponta- 
neous cerebral  lesions  are,  as  a  rule,  of  vascular  origin,  and  the  nu- 
trition of  the  brain  may  be  insufficient  to  repair  the  loss  in  the 
/lomolateral  fibres  accidentally  produced  by  the  pressure  at  the  level 
of  decussation  in  the  medulla.    The  ingenious  experiments  of  Wert- 
lieimer  and  Lepage  make  it,  however,  seem  probable  that  in  the 
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dog  there  aine  actual  homolateral  fibres  in  tbe  lateral 
They  found  that  after  cutting  through  the  left  half  of  tiie 
cord  excitation  of  the  motor  area  in  the  rig:lit  cortex  led  lo 
ment  of  the  extremities  of  the  right  side.  In  the  neewi  pba 
when  they  cut  through  the  left  half  of  the  medallm  abore  the  fnm 
idal  decussation  and  again  stimulated  it,  the  mofeor  ai«a  cf  ar 
right  side,  they  could  produce  movements  in  the  left  Mai  ke 
Again,  on  cutting  through  the  left  half  of  the  eord  belov  dit  a^ 
cussation  at  the  level  of  the  first  cervical  nerve.  moTemeBts  is  tk 
right  leg  could  be  produced  by  electric  stimnlatioo  of  the  a§mm 
gyrus.  To  answer  the  objection  that  instead  of  innciiatka  d  t» 
right  foot  by  homolateral  fibres  the  connection  migfht  be  sBait  ^ 
fibres  which  crossed  twice  between  the  two  planes  of  bemisKtiaL 
they  made  a  longitudinal  section  of  the  medolla  and  foond  tw 
excitation  of  the  motor  area  on  the  right  side  iv^as  still  f^dloved  bf 
movements  in  the  right  hind  foot  While  the  objection  with  re^ 
to  pressure  effects  at  the  level  of  decussation  must  be  carefoDjeoB- 
sidered,  the  evidence,  I  think,  is.  on  the  whole,  sufficient  to  jastifr 
the  statement  that  both  heterolateral  and  homolateral  fibifseiis 
in  the  spinal  cord,  both  of  man  and  animals,  in  tbe  fasciraiv 
cerebro-spinalis  lateralis.  Indeed,  it  would  be  surprising,  whenov 
thinks  of  it  and  considers  the  nature  of  the  impulses  which  set  oiS 
from  the  cortex,  if  such  a  double-sided  innervation  did  not  exst 

The  fasciculus  cerebro-spinalis  lateralis  occupies  in  the  cer- 
vical cord  the  large  area  in  the  postero^medial  region  of  thf 
lateral  funiculus.  It  diminishes  rapidly  in  Tolnme  as  it  desoends 
the  cord,  being  very  much  smaller  in  the  thoracic  than  in  the 
cervical,  and  in  the  lower  lumbar  than  in  the  thoracic  conL  Ib 
the  lower  part  of  the  cord  it  comes  to  lie  adjacent  to  the  periph- 
ery, while  in  the  cervical  and  thoracic  cord  it  is  separated  fm 
the  periphery  by  the  medullated  axones  which  go  to  make  op 
the  fasciculus  cerebro-spinalis  previously  described. 

The  diminution  in  volume  as  the  cord  is  traversed  depeodi 
upon  the  fact  that  at  the  different  segments  constituent  fiinvs  of 
the  bundle  turn  into  the  gray  matter  to  end  there.  The  greater 
loss,  as  one  would  expect,  occurs  in  the  region  of  the  cervical  tad 
lumbar  enlargements  in  which  are  situated  dendrites  and  oeO 
bodies  of  the  peripheral  motor  neurones  which  govern  the  IIM>T^ 
ments  of  the  upper  and  lower  extremities  respectively.  Belov 
the  lumbar  enlargement  the  number  of  fibres  is  small,  hot  a 
certain  number  can  be  traced  to  the  lowermost  portions  of  tbe 
sacral  cord. 

The  fasciculus  cerebro-spinalis  ventralis  also  diminishes  ifi 
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volume  as  the  cord  is  descended,  and  in  it  too  the  loss  is  greatest 
at  the  levels  of  the  cervical  enlargement,  the  fasciculus  being 
entirely  exhausted  on  the  thoracic  cord.  The  statement  that  the 
fibres  of  the  ventral  pyramidal  tract  cross  over  just  before  ter- 
minating through  the  anterior  commissure  to  end  in  the  ven- 


PanfrontalU  capnUce  internee. 


Oyrtu  foniicattu. 


Cavum  tepti  pellucidi. 
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Insula. 


FcucictUua  bcuUaris 

medialU. 
Faaciculi  motorii  ad 
nucleos  nervorum 
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MedtMated  bundles 
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Fig.  625. — Horizontal  section  through  brain  at  level  of  uppermost  part  of  globus 
pallidus ;  newborn  babe,  nc,  caput  nuclei  candati ;  tho^  thalamus ;  ///, 
putamen.  Just  medial  to  the  latter  is  seen  the  tip  of  the  globus  pallidus 
(nucleus  lentiformis  II).  (After  P.  Flechsig,  Arch.  f.  Anat.  u.  Physiol., 
Anat.  Abth.,  Ixnpz.,  1881,  taf.  iii,  Fig.  8.) 

tral  horn  of  the  opposite  side,  has  been  vigorously  combated  by 
von  Lenhossek.  This  investigator  has  made  a  careful  study  of 
the  spinal  cord  of  two  human  embryos — one  thirty-three,  the 
other  thirty-five  centimetres  long.  He  states  that  he  could  never 
find  axones  from  the  ventral  pyramidal  tract  entering  the  ven- 
tral commissure.  He  believes  that  they  all  run  in  to  terminate 
in  the  gray  matter  of  the  ventral  horn  of  the  same  side;  that 
is,  that  the  path  from  the  motor  area  of  the  pallium  to  the 
ventral  horn  cells  is  throughout  direct  and  uncrossed.  Van 
Ciohuchten  has  made  the  objection  that  at  this  period  of  devel- 
opment of  the  human  foetus  the  fibres  of  the  ventral  pyramidal 
tract  are  not  present.  If  this  be  true,  the  argument  of  von  Len- 
hossek falls  to  the  ground. 

Hoche  with  Marchi's  method  finds  that  the  fibres  of  the  ven- 
tral pyramidal  tract  end  partly  in  the  ventral  horn  of  the'same 
side,  but  mainly  in  that  of  the  opposite  side  {vide  infra). 


«43k6  the  XEBVorS  >T< 

The  four  priueipail  methods  for  mr^ssssxcnas  isae  eoes  € 
the  axones  which  go  to  make  up  the  p5Tmi&i<daui  isiacss  sr^  tl)^ 
embrycdog^ical  method  of  Flechaig;  {:^>  br  jik^ysfO^a^ca^  cipe& 
ment,  iDcluding  electrical  stunuladon  mad.  the^  lik^:  Ut  tk 
method  of  secondarj  degeoeisdoiiSy  (a)  oceasTTins^  TjMiMiPBBSt 
in  human  beings  ms  a  resalt  of  disease «  i f" »  t  ijjw  i"iinn7i  pn- 
daoed  in  a^nimals  by  cortical  extirpatioia  ctr  bj  <!■  likw  «f  tfie 
bandies  at  some  point  in  their  conne:  mnd  |4>  the  j^jfiiiBtfis 
of  the  method  of  GolgL 

The  embrrological  method  of  Fleehsa^  b  espeoMBj  ^ 
adapted  for  the  study  of  the  fibres  d  the  prm^adai  tiaei.  ias- 
much  as  at  Inrth,  or  shortly  before  birth,  all  vbe  fibres  «f  lit 
spinal  cord  have  reoeiTed  their  myelin  ^temihs  with  the  excep- 
tion of  these  fibres ;  and  in  sections  stainrd  by  Wc^crt*^  awdHd 
the  positions  occnj>fted  by  the  fibres  of  the  pynoaidaJ  tract  fiaod 
oat  clearly  and  sharply  as  pale  areas  in  the  aectioa.  This  metU 
has  been  of  particular  service  in  danonstraung^  tlie  jgy^tui  «f 
the  decnsBation  which  often  ooenrs  in  the  hmnan  oord. 

It  is  among  the  greatest  achieTements  of  Fle^isig  *  that  ht 
has  traced  ont  with  the  strictest  accoiacy  tbe  positioB  of  tar 
axones  of  the  pyramidal  tiact  and  the  oorrespoodiiig  bnndlr  of 
fibres  for  the  innervation  of  the  nuclei  of  the  oeretsal  nerres.  aS 
the  way  from  the  cerebral  cortex  nearly  to  the  temuDatkB  d 
the  fibres  in  the  groups  of  oeU  bodies  beloiigin^  to  the  lover 
motor  neurones.  The  course  of  the  bundles,  as  oatliiied  br  thr 
embryological  method,  will  be  clear  if  Flga.  62^-^31  with  ther 
legends  be  consulted. 

The  sequence  of  medullation  in  the  sensory  and  motor  fibres 


*  Flechsig,  P.  Ueber  einige  Beziehangeii  rwischen 
tioDeD  and  EDtwickelimgBToigingen  im  menschliebeii  ROdmuiiaik.    MA. 
d.  Heilk.,  Leipz^  Bd.  xir  (1873),  &  454-I69.— IHe  Leitiingsfc«fa]ieii  in  Gdkn 
and  Rttckeninmrk  des  Menschoi  aaf  Grand  entvickelnnip^cscluebt&to' 
U  ntersochangen  dargestcllL  8vo,  Leipzig  ( 1 876). — Ueber  '^  System-EAmk- 
angen"*  im  ROckenmark.    Arch.  d.  HeOlu  hfifo^  Bd.  xriii  n^TTLS^Ifi: 
289;  461:  and  Bd.  xix  (1878),  &  53:  441:  C^^ntralhL  £.  die    mcdicmBrte 
Wissenscbaften  (1877),  Xr.  3.— Ueber  die  Capsola  intmia.     Tagefalan  dtr 
XfttarfSrseher-VerBammlang.    HQnchen  (1877)«  S.  236. — Zur  AuaUmutvai 
Entwickelangsgeschichte  der  Leitungsbahnen  im  Grosshim  de«  Mcsjckr*. 
Arch.  f.  Anat.  a.  PhysioL  Anat,  Abth^  Leipz.  (188IK  S.  13-75l— Plaii  ^ 
ineii!$ehlichen    Gehims   auf    Grand    eigener   Untersochangeo    entrafA 
I^eipz.,  8vo.  1883.— Gehim  and  Seele,  l^eipzig  (1896V — Die  LocaUsatioB  itr 
geistigen  Vorginge,  Leipzig  (1896). 


i 


(iROUPJSG   AND   I'HAINIXG   TOGETHER   OP   XEURONES.      OHT 

is  different  as  regards  the  peripheral  ueuronea  from  that  which 
coQcerDS  the  ceutral  neurones.  Whereoa  the  aiones  of  the 
peripheral  motor  neurones  of  the  spinal  cord  and  medulliv 
oblongata  are  medullated  before  the  axones  of  the  peripheral 
sensory  neurones,  the  axones  of  the  upper  motor  neurones— that  is» 
those  extending  from  cell  bodies  in  the  pallium  to  the  nuclei  in 


Fill.  826.— Horizon  Ml  Ration  thniugli  brain  ol  ncwbom  babe  above  Ipvrl  of 
roost  medial  seRmenC  of  nucleua  lentifonuig.  (After  P.  Flechflig,  An-li. 
f.  Anat.  u.  Phmiol.,  Anat.  Abth.,  Leipz..  IHSl.  Taf  iii.  Fig.  T.|  //,  gUAm* 
inlBiduB;  III,  putamen.     Natural  giae, 

which  are  situated  the  cell  bodies  of  the  lower  motorneiirones — 
become  inedullated  later  than  do  the  axones  of  the  central 
sensory  neurones  extending  out  to  the  cerebral  cortex.  In  other 
words,  in  the  cerebral  white  matter  the  sensor;  (centripetal) 
projection  fibres  are  mediillated  before  the  motor  (centrifugal) 
projection  fibres.  The  medullated  axones  of  the  pyramidal 
tract  pass  out,  in  the  main,  from  that  region  of  the  cerebral 
cortex  which,  according  to  Plechsig,  corresponds  to  the  distribu- 
tion of  the  sensory  axones  of  his  system  No,  I  {vide  supra). 
These  fibres,  originating  in  the  large  pyramidal  cells  of  the 
lobulus  paracentral  is,  and  the  anterior  and  posterior  central  gyri, 
converge  in  the  corona  radiata  to  enter  the  internal  capsule. 

The  position  of  the  fibres  of  the  pyramidal  tract  in  the 
internal  capsnle  varies,  as  the  figures  show,  according  to  the 
level  of  the  capsule  studied.  In  the  level  most  frequently  referred 
to  by  clinicians,  the  pyramidal  tract  fibres  occupy  the  anterior 
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two  thirds  of  the  posterior  limb  of  the  capsule;  that  U,  then- 
called  tbalamo-leDtiform  portion.  Arriving  in  the  iutoul 
capsule,  these  buodies  cease  to  be  separated  by  tibrea  of  k«iiS«iaa 
nature,  and  become  aggregated  in  the  form  of  a  tolerably  compi 


Xmm^ullaltd^tidleio/oeeiplto-.  -    .-..r^ 
thaianie  radiation.  ' 

Fio.  627. —Horizontal  section  Ihiviigh  uppermost  portion  of  medial  wpnriK'" 
cleaBlentiformis  ;  newborn  bshe,  90  to  61  etii.  lung  i  After  P  F1«Mc.iK* 
f.  Anat.  u.  Physiol..  .*iMt.  Ahth.,  LeipE.,  IftSl,  Taf.  iii  T\w  «.■  I II  (W* 
palliduB ;  ///,  putjimen ;  rf,  ccintinuouB  with  d  of  Fig.  636!     MajiuH  I* 

fasciculus,  which  passes  first  between  the  nucleus  caadatnas' 
the  nucleus  tentiformis  and  farther  down  between  the  thf'*"' 
and  the  nucleus  tentiformis,  to  enter  the  cerebral  peduncle-  i 
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about  the  junction  of  the  internal  capsule  with  the  cerebral 
peduncle  the  fibres  of  the  pyramidal  tract  are  int«rwoven  with 
transverse  bands  of  fibres,  which  become  medullated  at  a  period 
later  than  that  of  the  myelinizalion  of  the  pyramidal  tract. 
This  interleaving  begins  at  a  level  corresponding  to  the  dorsal 
border  of  the  nudeus  hjpothalamicus  (corpus  Lnysi),  and  extends 
downward  bb  far  aa  the  posterior  and  ventral  extremity  of  Lujs' 
body.  These  transverse  fibres  running  through  the  pyramidal 
tract  at  this  level  represent  in  the  main  the  fibres  of  the  ansa 
lenticularis.  On  its  way  through  the  internal  capsule  the  pyram- 
idal tract  is  separated  from  the  thalamus  by  a  medial  layer  of 


Lamina  meduUartM.  c 

Lamina  mrduUarii, ,      /^ 
a  mrdutlalat  Jmn- .,         /'  ^^^ 


Lamina  fittdvl 


Faiciailt  molu- 


Hypot^laniiu, 


io  corporit  genfeulafi  m<diiil 


.\reb.  f.  Auat.  u.  Phymol..  Anat  Abth.,  Ltipi., _  .,  _  _    _ 

continuatioii  of  bsciculuB  baailaris  laterolia ;  d,  fibres  continuoua  with  d  of 
Fig.  027 :  e.  medullated  fibres  eitendiiiK  bcCwetn  hypothalamic  Tegion  and 
nnclpna  Ipntifomiia;  (.  fIbroB  of  e  which  have  paased  through  the  eBpHUlu 
interna  ;  L.  nucleus  hypothslamicus  (corpus  Lnysi  I ;  /,  //,  globus  pallidus ; 
til,  putHmen.    Hagnified  four  times. 

white  matter  (medullated  axones  of  sensory  neurones  extending 
between  the  diencephalon  and  the  pallium). 

In  the  base  of  the  cerebral  peduncle,  too,  the  position  of  the 
pyramidal  tract  varies  according  to  the  level  examined.     In  the 
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higher  regions  of  the  hskge  of  the  peduad^  ior  pesr  ta 

tract  occupies  the  third,  fourth,  azui  fifih, 

medial  side,  while  lower  down  ic  occupies 

of  the  base  of  the  pedancle.     At  the  janctioa  €l 

peduncle  with  the  pons  the  fibres  of  the  pjraaud 

ap  into  several  bandies  and  help  to  make  op,  in  lai^psLaf 

fasciculi   longitadinales   (pjramidales)   whicii 

pan  basilaris  pontis.     At  the  Iowa*  end  of  tbe  pons 

todinal  bundles  nnite  on  each  side  to  form  the 

which  occupies  the  Tentnl  snrfiaoe  of  the  mednDa  oMsi^ 

close  to  the   fisson  mediana  Tentnlia.      In    the  ^cdslk  He 

majority  of  the  fibres  of  the  pyramidal  tract  ms  Aown  ^  ik 

derelopmental  method    pass   orer  to  the  <^poaite  ade  of  At 

nervous  system  forming  the  deeu^udio  jnfrutmiduwu    The  kfi 

crossed  bundle  passes  down  as  the  fascicnlns  cgrebwM|iJi 

lateralis  through  the  lateral  funiculus  of  the  spinal  cord.   Bi 


Tegmentum. 


Braehium  eonjunctivum.' 


Substfintia  nigra. 


Fktaci^ulmm  boMOariM 


Fro.  620.— Sci'tton  at  right  angles  to  the  longitudinal  fibivsof  the  *«««^«  pednn& 
1  junction  of  uppi>r  with  middle  third) ;  newborn  babe,  50  to  51  cm.  1«k. 
MuIKt'h  fluid  hardening.  Mounted  in  glycerin.  (After  P  Flechsic.  Ai^ 
f,  Auttt.  u.  PhyHiol.,  Anat.  Abth.,  Leipz.,  1881.  TaT.  Hi,  Fig.  iTfc.  ■«( 
lat4TaI  bundle  of  the  dorsal  stratum  of  the  basis  peduncnli  ;*<f,  non-medoDsif^ 
flbres  in  donnl  stratum ;  jr.  isolated  bundles  of  mednllated  fibir^,  natw 
undetermined.     Magnified  four  times. 

smaller  uncrossed  bundle,  consisting  of  the  lateral  portion  of  the 
pyramis,*  passes  down  as  the  fasciculns  cerebro-spinalis  Tentnfo 
of  the  cord. 


*  It  is  of  interest  that  Burdach  was  able  to  make  out  this  point. 
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Flechsig  has  BtDdied  the  decussatio  pyramidum  and  its  varia- 
tious  with  great  care.*    Iq  about  fifty  per  cent  of  all  well-siudied 


Fl<:.  630. — TiBDHVcrw  spction  thnniKh  the  spinal  cord  of  u  ni-wborn  babe,  about 
Mem.  Inng;  level  of  siith  cerviral  nerve.  Gold  praparatuiii.  (After  P. 
flcrhHlg.  Die  Ijeitungsbahnen  im  Geliim  uiid  Rackcnmiirk.  Lujpz..  1ST6, 
Taf.  lii.  Fig.  1.) 

cases  the  distribution  of  the  pyramidal  tracts  ie  asymmetrical. 
Thus,  in  a  certain  number  of  instances,  all  of  the  fibres  go  down 
in  the  lateral  pyramidal  tract  and  there  is  complete  absence  of 
the  ventral  pyramidal  tract  on  each  side.  In  these  cases  Flechsig 
assumes  that  the  decussation  is  total. f     In  other  cases  he  finds  a 

*  Fleehaig,  P.  Die  Leitungsbahnen  im  Qehim  und  RBckenmark  des 
Menschen.  etc.,  Leipx  (1876),  S.  270  «/  aeg. 

t  From  the  studies  of  eipenmental  degeneratiun  to  he  described  farther 
on  we  now  know  that  many  of  the  fibres  which  run  down  in  the  lateral 
pyramidal  tract  in  the  spinal  cord  are  uncrossed  Sbres.  It  is  therefore  not 
improbable  that  these  cases  of  apparent  total  decussation  are  in  reality  not 
auch,  but  simply  instances  in  which  the  uncrossed  fibres  all  ^jodown  through 
the  Inland  tract;  in  monkeys  this  is  the  normal  condition  since  the  monkey 
pos.'^rsjes  no  ventral  pyramidal  tract,  and  yet  he  is  not  unprovided  with 
direct  (uncrossed)  pyramidal  fibres. 


itit 
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t^diral  pjrami'iai  tmc:  on  oae  tiit.  t-ii  ixx^  -ihb 
(fiber  COMS  there  u  a  lecitial  pTTxmidail  cz»rs  «b 
in  ih««e  c»*«  ibe  nnmber  of  c-fies  in 
tide  u  compared  with  ibe  Dnmbcr  of  fbns  hs  lae  i^iai  ac 
of  the  opposite  side,  uid  again  the  nrlaciaB  of  liw  sxk^  ^ 
fibres  in  the  Tentral  tract  of  one  ^e  to  the  ao^ber  of  sxh: 
the  Tentral  tract  of  the  other  ade,  cas  vary  «iiiiia  trnMerv* 
limit*.  Flechsig  coDcloded  that  the  fibres  miiiiiac  &^k  > 
definite  region  of  the  oerebnim  through  the  pvia^uds  isa  at 
■pinal  cord  may  take  either  <ate  of  tvo  couisLa,  rvBnia;  it » 
ventral  pyramidal  tnct  of  the  aune  ade.  or  in  tae  lasoai  [kib- 
idal  tract  of  the  opposite  tide. 


Fiti.  flSI. — TraiMvrrac  Mrtion  throDgh  th»  apjnsl  rord  of  a  nevbam  tahr.  mlaM 
60  cm.  long:  level  nf  fnurth   Inmhar  nerve.     Gold  prepantiw.     lAftn^ 
Flft'tiKis.  riie  LeitunKuhKhiieD  im  Ofhim  nnd  BuckpniDart 
Tut.  lix.  Fi(t.8.) 


urk.  L«|>..lSt. 


The  area  occupied  bj  the  pyramidal  tract  decreases  fmn 
above  downward  as  the  spinal  cord  is  descended,  owing  to  the  fact 
that  the  medullated  axones  are  ever  mnning  in  to  terminate  in 
the  adjacent  gray  matter  apparently  in  the  ventral  horns. 

The  fascicutue  cerebro- spinalis  lateralis,  or  lateral  pyramidil 
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tract,  lies  always  in  the  posterior  half  of  the  funiculus  lateralis. 
Flechsig  states  that  the  fibres  never  extend  farther  forward  than 
an  imaginary  straight  line  drawn  lateral  ward  from  Jthe  group  of 
cells  known  as  the  columna  intermedio-lateralis.  The  embryo- 
logical  method  permits  one  to  follow  the  lateral  pyramidal 
tract  downward  as  far  as  the  lower  end  of  the  lumbar  enlarge- 
ment, or  even  to  the  level  of  the  third  or  fourth  sacral  nerve. 
As  regards  the  relation  of  the  lateral  pyramidal  tract  to  the 
periphery  of  the  cord,  this  varies  considerably  at  different  levels. 
Thus,  at  the  level  of  the  third  cervical  nerve  it  reaches,  as  a  rule^ 
to  the  surface  of  the  posterior  part  of  the  lateral  funiculus,  even 
coming  in  contact  with  the  pia  mater.  In  the  cervical  enlarge- 
ment the  lateral  pyramidal  tract  is  separated  from  the  pia  mater 
by  the  compact  bundle  of  the  fasciculus  cerebello-spinalis  of 
Flechsig  (direct  cerebellar  tract).  From  the  middle  of  the  tho- 
racic cord  downward  the  dorsal  portion  of  the  lateral  pyramidal 
tract  reaches  the  periphery,  although  the  ventral  part  of  the  lat- 
eral surface  of  the  bundle  still  remains  separated  from  it  In 
the  lower  portion  of  the  spinal  cord  the  lateral  pyramidal  tracts 
now  grown  small,  is  situated  close  to  the  periphery  of  the  cord. 

The  fasciculus  cerebro- spinalis  ven trails,*  or  direct  pyramidal 
tract,  lies,  as  a  rule,  on  the  medial  surface  of  the  ventral  funicu- 
lus. The  area  in  cross  section  is  variable.  It  may  extend  from 
the  ventral  commissure  as  far  ventral  ward  as  the  ventral  margin 
of  the  fissura  mediana  ventralis.  In  other  instances  it  occupies 
the  dorsal  half  or  the  middle  third  of  the  medial  surface  of  the 
ventral  funiculus  (Flechsig).  Its  longitudinal  extent  in  the  cord 
varies  much.  Sometimes  it  ceases  even  at  as  high  a  level  as  the 
middle  of  the  cervical  enlargement.  In  other  cases  it  extends  to 
the  upper  thoracic  or,  most  comnionly,  to  the  mid-thoracic  cord. 
Occasionally  it  has  been  followed  as  far  as  the  intumescentia 
lumbalis. 

Electrical  Stimulation. — A  great  deal  of  our  knowledge 
regarding  localization  of  the  cell  bodies  of  these  upper  motor 
neurones  in  the  cerebral  cortex  has  been  obtained  through  physio- 
logical experiments,  and  especially  by  means  of  electrical  stimu- 
lation of  the  cerebral  cortex. f    We  are  indebted  especially  for  thia 

♦  This  was  described  by  Charcot  as  the  faisceau  de  Turck, 
f  It  is  surprising  how  J.  Hughlings  Jackson,  by  means  of  clinical  and 
pathological  observation  and  a  happy  scientific  imagination,  arrived  at  ver^ 
inaportant  conclusions  concerning  localization,  which  have  since  been  in 
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advance  to  the  researches  of  Fritseh  and  Hitzi^  *  i  l^V^Jt  via;^ 
galvanic  current,  and  especially  to  the  brilli&nt  resoiis  gbocfi 
by  Ferrier  f  (1873)  on  faradic  excitation  of  the  cerebral  cena. 

The  experiments  of  Fritseh  and  Hitzi^  shoved  that  sm^ 
tion  of  certain  regions  only  of  the  brain  lead  to  moTemaa  c 
parts  of  the  body,  and  that  between  the  place  stunnlatai  sfei  i^ 
part  of  the  body  set  in  motion  strictly  definite  reladocs  tsse. 
The  idea  of  a  so-called  motor  cortex  thus  aroee. 

The  experiments  of  Ferrier  proved  that  on  suitable  eieitifia 
of  the  surface  of  the  cerebrum  with  the  faradic  current  mc^ 
ments  can  be  called  forth  which  possess  a  definitely  porpoofi 
character.  In  other  words,  movements  of  the  individnal  ^uni 
the  body  are  evoked  which  correspond  to  those  actnailv  cariK 
out  voluntarily  by  an  individual  iu  the  coarse  of  his  oidiBfi^ 
bodily  activity.  With  similar  methods  Ferrier  was  able  tokc^- 
ize  generally  the  principal  movements  of  the  face,  arm,  trisL 
and  leg  in  the  monkey. 

The  general  electrical  experiments  on  the  cerebral  cortex  Te? 
carried  out  with  additional  refinements  by  Horslev  and  Scsada* 


large  part  conftrmed  bj  pbysiologists  and  anatomists.  To  be  ccoTiBcoiii 
the  wonderful  foresight  of  the  writer  one  has  only  to  compare  present  kmm- 
edge  with  the  hypotheses  which  he  advanced  in  the  following  aitkie^: 
Notes  on  the  Physiology  and  Pathology  of  I^ngruagv  :  Remarks  oo  tk» 
Cases  of  Disease  of  the  Nervous  System  in  which  Defect  of  ExprvsiioD  istk 
most  Striking  Symptom.  Med.  Times  and  Gaz.,  Lond.  (1866),  i,pixO- 
W2. — On  Localization.  Med.  Times  and  Gaz.,  Liond.  (1809).  U  p.  Wd— 4;»i 
the  Anatomical  and  Physiological  Localization  of  Morements  of  the  Bna- 
fiancet,  Lond.  (1873),  i,  pp.  84;  162;  232.— Observations  on  the  l.iOcaIiatfc« 
of  Movements  in  the  Cerebral  Hemispheres,  as  revealed  by  Cases  of  CodtvI- 
sion,  Chorea,  and  Aphasia.  West  Riding  Lun.  Asyl.  Rep.,  Lood..  ni.  s. 
(1873),  pp.  175-195. — Cases  of  Partial  Convulsion  from  Organic  Bimin  De- 
ease,  bearing  on  the  Experiments  of  Hitzig  and  Ferrier.  Med.  Times  mi 
Gaz.,  Lond.  (1875),  i,  pp.  578;  606;  660;  ii,  pp.  264;  330;  (1876).  i,  a 

♦  Fritseh,  G.,  and  E.  Hitzig.  Ueber  die  elektrische  Err^rbftrkfit  de 
(irosshims.  Arch.  f.  Anat.  Physiol,  u.  wissenseh.  Med.,  Jjeipz.  (l^TOi,  >. 
800-332. 

f  Ferrier,  D.    The  IxKralization  of  Function  in  the   Brain.     Proc  R«n. 
Soc.,  Lond.,  vol.  xxii  (1873-*74),  pp.  229-232.— The  Croonian  Lecture:  fa 
periments  on  the  Brain  of  Monkeys.    Phil.  Trans.  Roy.  Soe.,  Lond..  toL  cin 
(1876),  pp.  433-488.— The  Function  of  the  Brain,  2d  ed^^Lond.  (I^^i,  p^ 
521,  8vo. 

t  Horsley,  V.,  and  E.  A.  Schaefer.  A  Record  of  Kxperiments  upon  Uif 
Functions  of  the  Cerebral  Cortex.  Phil.  Trans.  Roy.  Soc.,  Lond.,  voLdrm 
(1888)  (B.),  pp.  1-46. 
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and  by  Beevor  and  Uorsley.*  At  present  it  would  seem  as  though 
the  results  with  regard  to  the  monkey's  cortex  are  as  perfect  as 
the  limitations  of  the  methods  permit.  Since  the  monkey's 
cortex,  and  especially  that  of  the  orang-outang,  so  closely  re- 
sembles that  of  man,  these  results  are  of  the  highest  importance 
for  the  physician  and  surgeon.  Over  and  over  again  it  has  been 
possible  in  human  cases  to  localize  with  great  accuracy  the  exist- 
ence of  an  irritative  lesion  in  the  motor  domain  of  the  cortex, 
jind  in  many  instances  surgical  interference  has  been  resorted  to 
with  success.  Of  course  the  improvements  in  the  technique  of 
brain  surgery  in  recent  times  have  resulted  in  the  more  frequent 
resort  to  operative  interference  on  the  brain  of  human  beings,  so 
that  it  has  been  possible  in  quite  a  notable  number  of  instances  to 
carry  out  actual  electrical  excitation  of  the  human  cortex,  owing 
to  which  we  already  possess  a  certain  amount  of  definite  informa- 
tion regarding  localization  in  the  human  cortex,  which  has  been 
obtained  directly  {vide  infra), 

Beevor  and  Horsley  (1887)  decided,  from  the  results  of  their 
experiments,  that  the  anterior  central  gyrus  is  much  more  con- 
cerned in  the  motor  functions  than  is  the  posterior  central 
^yrus.     They  concluded,  too,  that  in  the  area  of  motor  repre- 
sentation for  the  upper  limb,  the  regions  for  the  larger  joints 
are  at  the  upper  parts  of  the  area,  while  those  for  the  smaller 
joints  and  more  differentiated  movements  lie  peripherally  at  the 
lower  part  of  the  area.     The  movements  of  extension,  they  be- 
lieve, are  represented  rather  in  the  upper  part  of  the  area,  while 
those  of  flexion  appeared  to  be  related  to  the  lower  part.     In 
l)etween  these  two  areas  is  situated  a  zone  of  confusion  (Fig.  632). 
In  their  earliest  experiments  they  studied  not  only  the  primary 
movements  which  result  from  electrical  stimulation,  but  also  the 
subsequent  "  march  "  of  the  movements  as  the  electrical  stimulus 
became  diffused  through  the  cortex.     A  remarkable  correspond - 

*  Beevor,  C.  E.,  and  Victor  Horsley.  A  Minute  Analysis  (experimental) 
of  the  Various  Moyements  produced  by  Stimulating  in  the  Monkey  Differ- 
ent Regions  of  the  Cortical  Centre  for  the  Upper  Limb  as  Defined  by  Pro- 
zfessor  Perrier.  Phil.  Trans.  Roy.  Soc.,  Tjond.,  vol.  clxxviii  (1887)  (B.).  pp. 
153-167. — A  Record  of  the  Results  obtained  by  Electrical  Excitation  of  the 
'^jo-called  Motor  Cortex  and  Internal  Capsule  in  the  Orang-Outang  (<SVm«a 
-^matyrus).    Phil.  Trans.  Roy.  Soc.,  Lond.,  vol.  clxxxi  (1890)  (B.),  pp.  129-158. 

A  Further  Minute  Analysis  by  Electrical  Stimulation  of  the  So-called 

I>!otor  Region  (facial  area)  of  the  Cortex  Cerebri  in  the  Monkey  {Macacus 
inicus).    Phil.  Trans.  Roy.  Soc,  Lond.,  vol.  clxxxv  (1894)  (B.),  pp.  39-81. 
65 
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ence  was  found  between  the  progress  of  these  m&rcbes  n 
faraightod  observations  of  J.  Uughliogs    Jackson   in  a 
epilepsy.     In  Figs.  7  and  8  aocompanjing  their  article  tb 
of  march  is  clearly  illustrated,  and  it  is  seen  to  be  in  hw 
with  the  representation  of   primary  movements  in  the 
points  in  the  area.     They  decided  that  there  is  no  abednt^ 
of  demarkntion  in  the  monkey  between  the  area  of  locilia^ 
in  the  cortex  of  one  movement  and  that  of  another,  each  »= 
ment  having  a  centre  of  maximnm  representation  which  pt 
ually  shades  off  into  the  surrounding  cortex. 


These  preliminary  researches  of  Beevor   and   Hoisley  «(n  I 
soon  followed  by  the  exhaustive  studies  of  Horsley  and  Schaeftr 
(1888),  who  attempted  to  localize  centres  for  Tolontary  mon-  I 
ment  and  also  for  sensation  by  means  of  electric&l  excitstioo   | 
and  ablution.     In  the  prefrontal  region  the  results  of  electriol 
excitation  were  negative  as  long  as  the  electrodes  were  applxd 
in  front  of  the  sulcns  prtecentralis ;  hut  as  soon  as  stimnlaiio 
was  applied   behind  this  snlcus  these  observers   began  to  e*« 
lateral  movements  of  the  bead  and  eyes  such  as   Fenier  hai 
described. 

The  main  motor  area  of  the  cortex  as  outlined  by  phiBo- 
logical  experiment  includes  a  large  region  in  the  neigfaborbM^ 
of  the  snlcus  centralis  Rolandi.  The  motor  cxirtex  comepoo^ 
in  the  main  to  that  of  the  two  central  gyri  (anterior  and  p«- 
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terior)  and  the  lobulus  paracentral  is,  although  stimulation  of  the 
feet  of  the  three  frontal  gyri  as  well  as  of  certain  other  points  in 
the  cortex  may  occasionally  call  forth  a  motor  reaction. 

Ferrier  had  found,  as  we  have  said,  the  principal  areas  of 
representation  for  the  various  movements  of  the  face  and  of  the 
upper  and  lower  extremity.  By  stimulation  of  the  excitable 
portion  of  the  lateral  surface  of  the  cerebral  hemisphere  he 
obtained  (1)  on  the  middle  of  the  frontal  lobe,  movements  of 
the  head  and  eyes;  (2)  just  behind  this  area  on  the  anterior 
central  gyrus,  movements  of  the  hand  and  arm ;  (3)  on  the  pos- 
terior central  gyrus,  movements  of  the  fingers  and  wrist ;  (4)  on 
stimulation  about  the  inferior  extremity  of  the  sulcus  centralis 
Rolandi,  including  parts  of  both  central  gyri,  movements  of  the 
face,  jaw,  and  tongue. 

Horsley  and  Schaefer  described  the  arm  area  as  occupying 
a  triangular  portion  of  the  sui*face,  broad  behind  and  narrow  in 
front  It  comprises  most  of  the  upper  half  of  the  posterior 
central  and  anterior  central  gyri  (in  the  monkey)  from  a  little 
below  the  level  of  the  sagittal  part  of  the  sulcus  prsecentralis 
below  nearly  to  the  margin  of  the  hemisphere  above,  together 
with  a  small  portion  of  the  adjacent  part  of  the  frontal  lobe. 
The  shoulder  muscles  react  most  strongly  when  the  electrode  is 
applied  near  the  superior  limit  of  the  area;  while  the  muscles 
moving  the  forearm  and  wrist  come  into  activity  when  it  is 
applied  near  the  central  and  inferior  portions  of  the  area,  and 
the  muscles  of  the  wrist  and  fingers  react  to  stimulation  along 
the  posterior  border.  It  is  significant  that  these  observers,  like 
all  others  who  have  experimented  on  the  cortex,  find  that  move- 
ments and  not  individual  muscles  are  represented  here.  The 
facial  area  described  by  Horsley  and  Schaefer  includes  the  area 
of  representation  not  only  for  the  movements  of  the  facial 
muscles,  but  also  for  those  of  the  mouth,  throat,  and  larynx.  It 
comprises  the  whole  of  the  posterior  central  and  anterior  central 
gyri,  inferior  to  the  arm  area,  extending  downward  as  far  as 
the  fissure  of  Sylvius  and  including  the  lateral  surface  of  the 
operculum.  It  is  in  the  upper  third  or  half  of  this  area  that 
blinking  or  closure  of  the  eyelids  along  with  elevation  of  the 
ala  nasi  and  retraction  of  the  angle  of  the  mouth  are  initiated. 
This  portion  of  the  area  they  have  therefore  justly  designated 
the  "  upper  face  centre."  The  lower  third  of  the  area,  stimula- 
tion of  which  is  accompanied  by  varying  movements  of  the  jaw 
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and  tongue,  some  of  them  much  like  those  of  mastication,  thej 
call  the  "  lower  face  centre." 

^'  The  head  area  or  area  for  visual  direction  correspoDds  to 
an  oblong  portion  of  the  surface  of  the  frontal  lobe  extendinf 
from  the  margin  of  the  hemisphere,  around  which  it  dips  fori 
short  distance  outward  and  somewhat  backward  to  the  upper  ud 
anterior  limit  of  the  face  area."  It  is  bounded  posteriorly  bj  the 
arm  area  and  in  front  by  nonexcitable  cortex.  On  excitation  d 
this  area  they  obtained  opening  of  the  eyes,  dilatation  of  the 
pupils,  and  turning  of  the  head  to  the  opposite  side  with  oon* 
jugate  deviation  of  the  eyes  to  that  side.  Strong  letractioD  of 
the  ears  could  frequently  be  elicited  if  the  electrode  was  vpjM 
near  the  angle  of  the  sulcus  prsBcentralis* 

The  leg  area  {vide  supra)  is  situated  partly  upon  the  mednl 
surface  of  the  hemisphere,  but  extends  also  over  a  certain  portioa 

Diagram  I. 


Fio.  633. — Motor  cerebral  localization  in  the  monkey.     (After V.  Hanfcf  "■* 
£.  A.  Schaefer.  Phil.  Tr.,  Lund.,  1888,  p.  6,  dia^nun  1. ) 

of  the  lateral  surface  of  the  hemisphere  occupying  an  ar»  •: 
front  of  the  fissura  parieto-occipitalis  almost  as  far  forward  tft^ 
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*  level  of  the  anterior  extremity  of  the  small  sulcus  marked  x  in 
their  diagram. 

Diagram  II. 


Fio.  634. — Motor  cerebral  localia»tion  in  monkey.     (After  V.  Horsley  and  C.  A. 
Schaefcr,  Phil.  Tr.,  Lond.,  1888,  p.  10,  diagram  2.) 

The  trunk  area  is  situated  mainly  on  the  medial  surface  of 
the  hemisphere,  extending  for  only  a  short  distance  over  the 
margin  to  reach  the  lateral  surface.  The  general  results  of  their 
findings  are  heautifully  illustrated  in  the  accompanying  diagram 
(Fig.  633). 

In  addition  to  their  careful  study  of  the  lateral  surface  of  the 
hemisphere,  Horsley  and  Schaefer  extended  their  experiments  to 
the  lohulus  paracentralis  and  to  the  medial  surface  of  the  gyrus 
frontalis  superior.  To  give  hriefly  their  results  on  stimulating  the 
excitahle  portion  of  this  area  on  the  medial  surface  of  the  hemi- 
sphere, it  may  he  stated  that  on  applying  the  electrodes  at  succes- 
sive points  from  before  backward  they  obtained  (1)  movements 
of  the  head ;  (2)  of  the  forearm  and  hand ;  (3)  of  the  arm  at  the 
shoulder ;  (4)  of  the  upper  (thoracic)  part  of  the  trunk ;  (5)  of 
the  lower  (pelvic)  part  of  the  trunk  ;  (6)  of  the  leg  at  the  hip; 
(7)  pf  the  lower  leg  at  the  knee;  (8)  of  the  foot  and  toes.     It 
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will  thus  be  seen  that  in  the  monkey  the  head,  aniL,tn3k.s: 
leg  are  all  represented  to  a  certain  extent  upon  the  fades  wii^ 
cerebri  (Fig.  634). 

The  physiological  results  of  ablation  in  the  motor  mm : 
the  cortex  were  quite  in  accord  with  the  findings  with  npri. 
function  as  determined  by  electrical  excitation.  In  this  e& 
nection  the  studies,  not  only  of  Horsley  and  Schaefer,  bci  i» 
of  Ferrier  and  Yeo,  of  Schiff,  Munk,  Luciani,  and  otbeis  ^it 
be  consulted. 

In  1890  the  results  of  an  important  research  were  pab&k 
by  Beevor  and  Horsley  in  which  appeared    their   findings  ti 
electrical  excitation  of  the  motor  areas  of  the  cortex  in  the<)aE^ 
outang.     Since  the  anthropoid,  ape  is  much  nearer  to  *"*«  tss 
the  bonnet  monkey,  this  study  is  clinically  more  applicaUe  tke 
the  observations  which  were  carried  out  npon  the  Afacacut  Aft- 
CU8.     One  remarkable  difference  between  the  effects  of  excitiD« 
of  the  cortex  of  the  orang-outang  and  that  of  the  monkeT  is  ik 
fact  that  very  few  "  marches  "  reproduce.      It  is  evident,  tll€!^ 
fore,  that  the  muscular  movements  of  each  individual  segmo: 
are  much  more  fully  represented  in  the  cortex   of  the  onsf- 
outang  than  in  that  of  the  monkey.     And,  indeed,  it  seems  tobt 
a  general  law  that  the  higher  the  animal  the  greater  is  the  am 
of  representation  not  only  of  individual  segments  hut  of  individ- 
ual movements  belonging  to  one  segment  in  the  cerebral  cortei 
Beevor  and  Horsley  have  been  able  to  show  that  in  the  bonnet 
monkey  the  representation  of  the  segments  of  the  various  pai^ 
of  the  body  is  arranged  along  the  sulcus  centralis  Rolandi  ia 
horizontal  levels,  and  that  the  boundary  lines  of  these  pass  acros 
the  sulcus.    The  same  arrangement  was  found  to  hold  in  tk 
orang-outang.     The  comparative  relations  in  the  bonnet  and  tbe 
orang-outang  will  be  clear  if  the  accompanying  figure  (Fig.  635) 
be  consulted,  in  which  the  segments  are  phiced   in  succesiTr 
order.     It  will  be  seen  that  the  general  plan  of  arrangement  of 
the  representation  of  the  segments  in  the  two  animals  corresponds 
closely,  the  variations  being  due  to  the  exaggeration  of  the  sioo* 
osities  in  the  gyri  of  the  orang  rather  than  to  any  central  an*- 
tomical  characteristics.     It  is  to  be  noted  that   the  plan  of  the 
segments  of  the  lower  limb  is  truly  horizontal  in  the  orang  bat 
antero-posteriorly  placed  in  the  bonnet,  the  difference  in  repre- 
sentation being  ascribed  by  Beevor  and  Horsley  to  the  habits  rf 
the  two  animals.     It  is  further  to  be  noted  that  the  representi- 
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tion  in  the  brain  of  the  anthropoid  ape  and  man  differs  from 
that  in  the  monkey  in  that  the  excitable  area  in  the  cortex  of 
the  former  is  not  continuous,  being  much  interrupted  by  spaces 
from  which  no  effect  could  be  obtained  even  by  the  application 
of  strong  stimuli.  These  nnexcitable  areas  are  situated,  in  the 
main,  between  the  areas  of  representation  of  the  larger  divisions 
of  the  body.  They  are  not  intercalated  between  the  individual 
segments  of  the  single  large  divisions.  The  higher  the  plane 
of  the  animal  the  more  perfect  the  integration  of  representation. 

BONNET.  ORANG. 

L  ONG/TUDINAL     FISSURE 
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Fio.  635. — C^ompan'son  of  motor  representation  in  the  bonnet  monkey  and  in  the 
orangoutang.  (After  C.  E.  Beevor  and  V.  Horsley,  Phil.  Tr.,  Lond.,  1890, 
p.  150,  Fig.  4.) 

Subsequently  to  these  fundamental  investigations  a  number 
of  others  have  been  undertaken  to  localize  still  more  accurately 
certain  of  the  individual  movements  in  the  different  areas. 
Among  these  the  study  of  the  facial  area  by  Beevor  and  Horsley 
in  1894  may  perhaps  be  singled  out.  They  analyzed  minutely  the 
facial  area  of  the  bonnet  monkey  with  reference  to  the  facial, 
lingual,  and  pharyngeal  movements.  They  undertook  in  this 
study  especially  a  detailed  investigation  of  the  so  called  bilateral 
representation.     This  work  was  very  thorough,  and  the  results 
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are  embodied  in  a  long  series  of  tables  accompanying  the  ori|iBtl 
article,  to  which  the  reader  who  is  interested  can  easily  refer. 
The  report  is  especially  valuable  in  containing  a  tabalar  repre- 
sentation of  the  series  of  '^  marches  ^'  observed  on  stimulation  of 
various  parts  in  the  monkey's  cortex. 

While  a  priori  there  could  have  been  no  doubt,  after  the 
studies  upon  the  brain  of  animals,  that  the  hnman  brain  also  b 
electrically  excitable,  the  direct  proof  of  this  was  first  established 
by  observations  of  Bartholow  *  and  Sciamanna-f  Victor  Hoidej 
established  the  fact  that  excitation  with  a  feeble  interrupted  in- 
duced current  in  the  facial  area  of  the  cortex  of  a  boy  prodoced 
movements  in  the  opposite  side  of  the  face  only  when  the  ek^ 
.  trodes  were  applied  at  points  distant  from  each  other  and  not  u 
intermediate  points.  Again  in  1888  Keen,  of  Philadelphit,t 
localized  in  the  cortex  of  a  man  under  ansBstbesia  the  repreeeott- 
tion  for  the  movements  of  the  wrist,  the  shoulder,  elbow,  aod 
face.  He  extirpated  the  focal  representation  of  the  wrist,  uA 
after  operation  the  left  hand  was  found  to  be  paralyzed  as  re- 
gards all  movements  both  of  the  fingers  and  wrist.  The  dbot 
was  weak,  but  the  shoulder  and  face  were  entirelv  unaffeded. 
In  the  same  year  Lloyd  and  Deaver^  also  stimulated  thecortu 
faradically  and  brought  further  evidence  in  favor  of  the  fiev 
that  the  integration  of  movement  representation  is  much  mfxt 
marked  in  man  than  it  is  in  the  monkey  or  even  in  the  anthro- 
poid ape.  It  was  made  out  that  considerable  areas  did  not  ap- 
pear excitable  at  all  to  the  strength  of  current  employed,  definitf 
movements  corresponding  to  the  epileptic  seizures  from  whirt 
the  individual  had  suffered  being  elicited  on  stimulation  of  coo- 


*  Bartholow,  R.  Experimental  Investigations  into  the  Pancti<»s  of  *» 
Human  Brain.  Amer.  Jour.  Med.  Sc.,  Phila.,  n.  s.,  voL  Ixvii  (1874K  pp.*®" 
318. 

t  Sciamanna,  E.  Gli  ayversari  delle  localizzazioni  cerebrali  AiA.  i 
psichiat.,  etc.,  Torino,  vol.  iii  (1882),  pp.  20»-218. 

i  Keen,  W.  W.  Three  Successful  Cases  of  Cerebral  Sutigerr,  indttiar 
(1)  the  Removal  of  a  Large  Intracranial  Fibroma;  (2)  Elxsection  of  DiaaH 
Brain  Tissue:  and  (8)  Exsection  of  the  Cerebral  C'entre  for  the  LeftHiai: 
with  Remarks  on  the  General  Technique  of  such  Operations.  Ana.i^ 
Med.  Sc.,  Phila.,  n.  s.,  vol.  xcvi  (1888),  p.  329 ;  452. 

»  Lloyd,  J.  H.,  and  J.  B.  Deaver.  A  Case  of  Focal  Epilepsr  rocoirf* 
treated  by  Trephining  and  Excision  of  the  Motor  Centres.  Ajmt.  i*t 
Med.  Sc.,  Phila.,  n.  s.,  vol.  xcvi  (1888),  pp.  477-487. 
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paratively  restricted  areas.     Similar  observations  were  made  by 
Nancrede  *  with  Morris  J.  Lewis. 

For  the  localization  of  function  in  the  cortex,  therefore,  elec- 
trical excitation  has  been  of  immense  value.  But  no  less  fruitful 
results  have  been  obtained  by  the  same  method  with  regard  to 
the  localization  of  function  in  the  bundles  of  fibres  which  pass 
through  the  internal  capsule.  Here  again  our  most  important 
knowledge  has  been  derived  from  the  experiments  of  Beevor  and 
Horsley.f  Valuable  results  by  the  method  of  excitation  have 
also  been  obtained  by  Burden  Sanderson  I  and  Franck  and 
Pitres.* 

In  experiments  upon  the  internal  capsule  it  is  essential  that 
the  exact  anatomical  location  of  the  fibres  stimulated  be  men- 
tioned, for  in  different  horizontal  planes  the  motor  fibres  occupy 
entirely  different  positions.  The  term  capsula  interna  is  a  bad 
one,  but  has  been  so  uniformly  employed  that  it  seems  necessary, 
at  least  for  the  present,  to  retain  it.  By  it  is  indicated  the  white 
fibres  bounding  the  nucleus  lentiformis  on  its  medial  side.  The 
term  is,  however,  more  loosely  employed  and  is  made  to  include 
all  the  descending  and  ascending  fibres  of  the  corona  radiata 
which  pass  between  the  basal  ganglia — between  the  nucleus 
caudatus  and  the  optic  thalamus  on  the  medial  side  and  the 

'  nucleus  lentiformis  on  the  lateral  side.  Above,  the  capsula 
interna  is  directly  continuous  with  the  corona  radiata,  while  be- 
low it  is  directly  continuous  with  the  base  of  the  cerebral  pe- 

'  duncle.  The  upper  and  lower  limits  of  the  internal  capsule 
mast,  therefore,  be  arbitrarily  defined.     The  upper  level  would 

•  Nancrede,  C.  B.  Two  Successful  Cases  of  Brain  Surgery.  Med.  News^ 
Phila.,  vol.  liii  (1888),  pp.  684^88. 

f  Beevor,  C.  E.,  and  Victor  Horsley.  An  Experimental  Investigation 
into  the  Arrangement  of  the  Excitable  Fibres  of  the  Internal  Capsule  of  the- 
Bonnet  Monkey  (Macacus  sinicus).  Phil.  Trans.  Roy.  Soc.  (1890),  Lond.,  voL 
<;lxxxi  (1891)  (B),  pp.  49-^;  A  Record  of  the  Results  obtained  by  Electrical 
£xcitAtion  of  the  So-called  Motor  Cortex  and  Internal  Capsule  in  the  Orang- 
outang (Simla  satyrus).  Phil.  Trans.  Roy.  Soc.  (1890),  vol.  clxxxi  (B.),  Lond. 
<1891),  pp.  129-158. 

$  Sanderson,  J.  B.  Note  on  the  Excitation  of  the  Surface  of  the  Cerebral 
n emispheres  by  Induced  Currents.  Proc.  Roy.  Soc.,  Lond.,  vol.  xxli  (1873-74),. 

^p.  mssio. 

*  Franck,  F.  Le^ns  sur  les  fonctions  motrices  du  cerveau  (reactions 
^^roluntaires  et  organlques)  et  sur  Tepilepsie  cerebrale.  8vo.  Par.  (1887)^ 
:^p.  21-22. 
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correspond  to  a  plane  resting  upon  the  upper  sarfMceni^ 
caudat«  and  lenticular  nuclei ;  the  lower  level  is  nsiulli  ist 
as  the  region  corresponding  to  the  posterior  and  inferior  lixr 
the  fibres  oF  the  ansa  lenticutaria  which  pass  throagb  the  aas 
capsule  at  its  junction  with  the  cerebral  peduncle. 

The  capsula  interna  has  been  compared  not  inaptly  u>ib 
of  fibre  bundles  arranged  like  the  rays  of  a  fan,  the  hmndke 
responding  to  the  base  of  the  cerebral  pednncle,  the  sidadi 
fan  correBpondiog  to  the  antero-rentral  and  postero-dotBl  i 
ders  of  the  internal  capsule,  where  it  joins  the  corona  tw 
This  appearance  is  well  shown  in  a  sagittal  section  fueu 
through  the  cerebrum  (Fig.  636). 


tu.  636.— Sagittal 
internal  capsule 

pi.  il,  Fitt.3.t         

capeuk  ;  H.  huriaintal  flbrca  of  the  . 
of  thp  8Bin«:  /*./..  pfiamidal  fibres 
m-viiiitalinofthroiiwule;  N.r..  nucl 
Til.  thalamus ; 


tion  through  the  hrain  nf  the  mnnkev.  illiutntiK  * 

AfltrC.  E.  BpeTorand  V.  Hundcy.  Phil.  TV..  Lmd^lM 

aKVuding  fibres  at  the  para  fncinli.  ^ 


In  horizontal  section  the  appearance  of  the  capsnle  nhM 
enormously  at  different  lereU,  as  is  shown  by  the  accompanying 
figure  (Fig.  637).     At  the  horizontal  level  of  the  capsule  most 
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frequently  described  (that  is,  a  horizontal  Bection  which  strikes 
the  ventral  end  of  the  genu  corporis  callosi,  the  pnlvinar,  and  tiie 


poluB  occipitalis.  Fig.  638),  oue  sees  that  it  csd  be  divided,  as 
Charcot  suggested,  into  ao  auterior  limb  and  a  posterior  limb, 
which  meet  at  an  oblique  angle  to  form  the  so-called  genu 
'  capsulffi  internee.  The  anterior  limb  is  known  aa  the  )>ars 
frontalis  capsula  inteinte,  while  the  posterior  limb  is  designated 
the  pars  occipitalis  oapaiilK  interuEe. 

The  pars  frontalis  (sometimes  known  aa  the  lentiformo- 
striate  portion)  is  smaller  than  the  pars  occipitalis  and  consists 
at  this  level  almost  exclusively  of  libres  running  nearly  horizon- 
tally and  made  np  in  the  main  of  axones  running  corticalward 
from  the  thalamus.  As  the  genu  is  approached  the  fibres  assume 
a  more  vertical  direction. 

The  pars  occipitalis  can  be  further  subdivided  into  a  thalamo- 
lenticuliform  portion  (that  situated  between  the  thalamus  and 
the  nucleus  lentiformisj  and  a  retro-lentiform  portion,  namely, 
that  portion  situated  lateral  to  the  thalamus,  but  behind  the 
posterior  extremity  of  the  nucleus  lentiformis. 

The  fibres  which  pass  through  the  genu  capsulte  intern»  are 
not  located  in  the  same  antero- posterior  position  in  all  horizontal 
planes,  since  the  position  of  the  genu  alters;  in  the  more  inferior 
horizontal  planes  it  is  situated  far  more  posteriorly  than  in  planes 
higher  up.  In  the  same  way  the  pars  frontalis  capsulte  interna! 
is  shorter  in  inferior  planes  than  in  superior  planes.  The  impor- 
tance of  recognizing  these  differences  in  position  at  different 
levels  can  not  be  too  much  emphasized ;  much  of  the  confusion 
in  pathological  literature  with  regard  to  the  internal  capsule  is  due 
to  the  fact  that  clinicians  and  pathological  anatomists  have  paid 


-Horizontal  section  through  the  right  cerebral  hemisphere  cut  at 
ftnce  of  61  mm.  below  its  superior  border;  natural  size.  (After  J. 
ne,  Anatomie  des  Centres  Nerveux,  Paris,  1895,  p.  408,  Fig.  226.)  AM, 
rum;  C,  cuneus;  CA,  hippocampus  (coruu  ammonis) ;  Ccig),  genu 
is  callosi ;  O,  cansula  externa ;  C^,  gyrus  dentatus ;  Cia,  pars  frontalis 
BB  intemae  ;  Ci{g),  genu  capsule  interute  ;  Cing,  horizontal  bundle  of 
igulum ;  Cing{p),  posterior  bundle  of  the  cingulum ;  Cip,  pars  occipi- 
ipsulsB  intemffi ;  Cirly  retrolenticular  portion  of  internal  capsule ;  em, 
cinguli ;  CO,  centrum  semiovale ;  cop,  commissura  posterior  cerebri ; 
Ypi%  subcallosus ;  do,  comu  posterius  ventriculi  lateralis ;  ^i,  gyru» 
Lis  superior ;  Fs,  gyrus  frontalis  medius ;  Ft,  gyrus  frontalis  inferior ; 
;U8  frontalis  superior ;  A  sulcus  frontalis  inferior ;  Ft(c),  pars  triangu- 
;yri  frontalis  inferions;  FK,  fasciculus  longitudinalis  inferior;  Flf, 
ilus  retroflexus  Mcynerti ;  Pm\  fasciculus  inferior  or  minor  of  the 
;  Gh,  nucleus  habenulse;  Op,  corpus  pineale;  la,  insula  (pars  an- 
;  Ip,  insula  (pars  posterior) ;  if,  fissura  calcarina ;  K^po,  union  of  the 
calcarina  with  the  fissura  parieto-occipitalis ;  L\,  gyrus -cinguli  j  L{i), 
IS  gyri  fomicati ;  Ic  lamina  cornea  and  fibres  of  the  tenia  semicircu- 
Lg,  ffjTVL%  lingualis;  Ime,  lamina  medullaris  lateralis  nuclei  lenti- 
;  lm%,  lamina  medullaris  mcdialis  nuclei  lentiformis;  Ifna,  lamina 
laris  superficialis ;  mFi,  facies  medialis  gyri  frontalis  superioris ;  NC, 
luclei  caudati ;  NG',  cauda  nuclei  caudati ;  Ne^  nucleus  lateralis  thalami ; 
'L%,  globus  pallidus  (of  nucleus  lentiformis) ;  NL%,  putamen  (of  nucleus 
rmis) ;  Oi,  0%*  gyri  occipitales ;  oa,  sulcus  occipitalis  anterior  of  Wer- 

OF,  fasciculus  occipito-fnmtalis ;  oi,  sulcus  interoccipitalis ;  Op,  Ft, 
lercularis  gyrus  frontalis  inferioris ;  OpR,  Bolandic  operculum ;  BuTh, 
3ulus  anterior  thalami ;  po,  fiasura  parieto-occipitalis  ;  Pvl,  pulvinar ; 
ineo-limbic  fold ;  wplp,  posterior  parieto-limbic  fold ;  RTh.  radiatio 
o-thalamica  Gratioleti ;  f^(.p),  ramus  posterior  fissure  cerebri  lateralis 
;  S{v),  ramus  ascendens ;  9cc,  sinus  corporis  callosi ;  tSpr,  substantia 
centralis;  f^e,  subependymal  gray  matter;  Ti,  gyrus  temporalis 
>r ;  7a,  gyrus  temporalis  medius  ;  ti,  sulcus  tem'poralis  superior ;  Tap, 
tn ;  tec,  tenia  tecta  ;  Tga,  anterior  pillar  of  the  fornix  ;  Tg  V,  ventrieulus 
is ;  Th,  thalamus ;  Tp,  gyrus  temi>oraIis  tiansversus ;  ip,  sulcus  teni- 

transversus;  F*,  ventrieulus  tertius;  V,  stripe  of  Vicq  d'Azyr;  VA, 
lus  thalamo-mammillaris  Vicq  d'Azyri  ;  Vf,  cornu  auterius  ventriculi 
is ;  V»l,  cavum  septi  pellucid i ;  Zr,  zona  reticularis. 
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but  little,  if  any,  attention  to  the  variations  in  the  structure  of  the 
capsule  at  different  horizontal  levels.  In  every  case  in  which  at 
autopsy  a  circumscribed  lesion  of  the  internal  capsule  is  found 
the  pathologist  should  take  care  to  describe  accurately  the  exact 
localization  of  the  lesion  with  regard  to  planes  taken  in  the  three, 
dimensions  of  space. 

On  the  whole  it  may  be  said  that  the  fibres  passing  through 
the  internal  capsule  correspond  very  well  in  position  to  the  gyri 
to  which  or  from  which  they  radiate,  those  farthest  forward  being 
connected  with  the  frontal  lobe,  those  in  the  middle  with  the 
central  gyri,  while  those  more  posteriorly  situated  run  to  or  from 
the  temporal  and  occipital  gyri. 

Beevor  and  Horsley  found  that  the  pars  frontalis  capsul» 
internee  is  for  the  most  part  entirely  unexcitable,  or  rather  that 
electrical  excitation  applied  to  it  leads  to  no  motor  response. 

The  fibres  which  on  stimulation  call  forth  definite  movements 
occupy  positions  in  the  level  most  frequently  described,  the  genu 
and  the  thalamo-lentiform  portion  of  the  internal  capsule ;  that 
is,  the  genu  and  the  anterior  two  thirds  of  the  pars  occipitalis 
capsulae  intern®.  From  before  backward  in  the  internal  capsule 
the  arrangement  of  the  fibres  is  as  follows :  Farthest  forward 
stimulation  causes  movements  of  the  eyes.  A  little  farther  back 
the  fibres  for  the  opening  of  the  mouth  are  situated  ;  then  come 
those  governing  the  movements  of  the  head  and  eyes,  and  next 
the  fibres  for  the  tongue  and  for  the  angle  of  the  mouth.  Imme- 
diately behind  these  are  situated  the  fibres  governing  the  move- 
ments of  the  upper  limb — first  those  for  the  shoulder,  and  next 
those  for  the  wrist,  fingers,  and  thumb  respectively.  After  these 
come  the  fibres  for  the  trunk,  and  last  of  all  the  fibres  governing 
the  movements  of  the  lower  limb  in  the  following  order :  Hip, 
ankle,  knee,  hallux,  toes.  The  arrangement  in  the  capsule  is 
therefore  seen  to  be  but  a  reproduction  of  that  on  the  cortex, 
which  in  its  turn,  as  has  been  pointed  out  above,  corresponds  to 
a  peripheric  projection  of  the  order  of  the  metameres  of  the 
whole  body.  In  the  accompanying  drawing  (Fig.  639)  the  rela- 
tion between  the  localization  of  motor  or  efferent  function  in  the 
cortex  and  that  in  the  capsule  are  clearly  shown.  In  the  capsule, 
as  in  the  cortex,  segmental  movements  and  not  individual  muscles 
are  represented.  It  is  interesting  to  note  with  regard  to  the 
lateral  juxtaposition  of  the  fibres  in  the  capsule  that  those  most 
taiedially  situated  in  the  thalamo-lentiform  portion  of  the  pars 


1008  THE  NERVOUS  SYSTEM. 

occipitalis,  when  stimulated,  yielded  no  motor  response,  since,  as 
we  have  seen,  when  studying  the  axones  of  diencephalo-telence- 
phalic  sensory  neurones,  this  region  of  the  capsule  is  that  in 
which  many  of  these  axones  are  situated. 

The  study  of  the  internal  capsule  of  the  orang-outang  by  the 
method  of  electrical  excitation  yielded,  according  to  Beevor  and 
Horsley,  results  very  similar  to  those  obtained  with  the  bonnet 
monkey.     The  localization  is  epitomized  in  the  following  table  : 


MOVXMKNT. 


KxrmKDs 


From 


M. 

Eyes  turn  to  opposite  side    1  max.  2 

Eyelids  closing  (blinking) 8 

Retraction  of  angle  of  mouth  to  opposite  side 4 

Tongue  flattened  and  tip  directed  to  opposite  side  . .  4 

Flexion  of  thumb 5 

Flexion  of  fingers 5 

Flexion  of  wrist 4 

Flexion  of  elbow 6 

Abduction  of  shoulder 8 

Adduction  of  shoulder , 

Flexion  of  toes ,  10 

Eversion  of  ankle !  9' 

Plantar  extension  of  ankle 10 


To 


M. 
5 
5 
7 
6 
8 
9 

10 


10 
10 


The  length  of  the  pars  occipiulis  of  the  internal  capsule  in 
the  orang-outang,  which  they  studied,  was  18  mm. 

The  fibres  running  from  the  pallium  to  the  motor  nuclei  of 
the  cerebral  nerves  leave  the  other  motor  fibres  in  the  pons  and 
medulla  oblongata.  These  fibres  throwing  the  nuclei  of  the 
motor  cerebral  nerves  under  the  influence  of  the  pallium  are  not, 
strictly  speaking,  included  in  the  term  "  pyramidal  fibres." 
,  The  "  pyramidal  tract "  proper  consists  of  the  fibres  which  go 
through  the  pyramids  of  the  medulla  and  form  the  fasciculi  cere- 
bro-spinales  lateralesand  the  fasciculi  cerebro-spinales  ventralesof 
the  spinal  cord ;  that  is  to  say,  the  fibres  of  the  pyramidal  tract, 
strictly  speaking,  innervate  mainly  the  lower  motor  neurones  by 
means  of  which  the  movements  of  the  upper  and  lower  extremity 
are  executed.  Many  writers,  however,  especially  English  and 
American  neurologists,  include  the  fibres  going  to  the  lower  motor 
neurones  of  the  cerebral  nerves,  as  well  as  those  going  to  the 
lower  motor  neurones  of  the  spinal  cord,  under  the  term  pyram- 
idal tract.  This  is  a  matter  of  nomenclature  and  of  but  little 
significance.     The  main  point  for  the  student  to  grasp  is  that 
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both  sets  of  fibres  have  a  similar  function — to  tlirow  the  lower 
motor  neurones  under  the  influence  of  the  pallium. 


i  1 

ill  5 

o  g  g  ^^ 


ARBDgement  of  excitable  fibres  in  tbe  internal  capenle. 

FlQ.  639. — Drawn  from  a  photograph  (magnified  twice)  of  the  outer  sur&ce  of  a 
monkey's  ( Macaais  nnictu)  left  hemisphere.  ( After  C.  E.  Beevor  and  V.  Hoth- 
ley.  Phil,  tr.,  Lond.,  1890,  p.  81,  Fig.  7.) 

From  the  fact  that  in  the  cortex  and  in  the  internal  capsule 
the  bundles  of  fibres  are  arranged  in  groups  corresponding  to  the 
different  movements,  and  from  the  fact  that  in  the  spinal  cord 
fibres  which  run  for  the  longest  distance  tend  to  be  more  periph- 
erally situated  than  those  which  run  for  shorter  distances,  it  is 
not  surprising  to  learn  that  in  the  fasciculus  cerebro-spinalis  lat- 
eralis of  the  spinal  cord  there  is  a  definite  grouping  of  the  fibres 
corresponding  to  segmental  movements.  Direct  proof  of  this, 
however,  was  adduced  only  recently.     In  1897  Gad  and  Flatau  * 


*  Gad,  J.,  und  E.  Platan.    Ueber  die  grobere  Localisation  der  fllr  ver- 
schiedene  KSrpertheile  bestimmten  motorischen  Bahnen  im  RQckenmark. 
Neurol.  Centralbl.,  Leipz.,  Bd.  xvi  (1897),  S.  481. 
66 
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excited  with  tHe  faradic  current  different  areas  of  the  fresh-cut 
section  of  the  pyramidal  tract  of  the  spinal  cord  of  the  dog. 
Their  results  are  well  illustrated  in  the  accompanying  diagrams 
(Fig.  640). 

The  study  of  secondary  degenerations  has  yielded  results  sec- 
ond in  importance  only  to  those  afforded  hy  the  embryological 
method  of  Flechsig  with  regard  to  the  paths  followed  by  the 
axones  of  the  neurones  extending  between  the  pallium  and  the 
motor  nuclei  of  the  cerebral  and  spinal  nerves.  The  knowledge 
afforded  by  the  study  of  secondary  degenerations  has  been  derived 
from  two  sources :  (1)  the  study  of  human  cases  observed  clinic- 
ally and  pathologically,  and  (2)  the  study  of  the  nervous  system 
of  animals  in  which  the  motor  tract  has  been  experimentally  in- 
jured. 

The  first  to  investigate  in  man  degenerations  in  the  domain 
of  the  pyramidal  tract  was  Turck  in  1851,*  who  in  cases  of  long- 
standing hemiplegia  observed  degeneration  not  only  in  the  spinal 
cord  but  also  in  the  posterior  and  superior  pjirt  of  the  internal 
capsule  and  in  the  middle  of  the  base  of  the  cerebral  peduncle. 
The  illustrations  accompanying  his  publications  are  very  crude^ 
but  nothing  but  praise  can  be  said  of  the  accuracy  of  his  obser- 
vations. Tiirck  stated  that  when  definite  parts  of  the  cerebrum 
were  destroyed  in  any  way,  as  a  result  there  became  diseased  in 
every  instance  definite  bands  of  fibres  which  are  situated  in  the 
internal  capsule,  the  base  of  the  cerebral  peduncle,  the  ventral 
part  of  the  pons,  the  medulla  oblongata,  and  the  spinal  cord. 
This  "  secondary  disease,"  which  he  observed  in  a  large  series  of 
cases,  manifested  itself  in  the  appearance  first  of  numerous  fatty 
particles  and  later  by  atrophy.  Tiirck  observed  that  this  second- 
ary disease  occurred  not  only  when  the  lesion  was  situated  in  the 
cerebrum,  but  also  whenever  the  bands  of  fibres  in  their  course 
between  the  cerebrum  and  the  spinal  cord,  or  even  in  the  spinal 
cord  itself,  became  interrupted.  He  made  out  by  the  study  of 
these  secondary  degenerations  the  decussation  of  the  pyramidal 
tract  in  the  medulla  oblongata,  and  it  is  to  him  also  that  we  owe 
the  recognition  for  the  first  time  of  the  existence  of  a  direct 
pyramidal  tract  (although   not    recognized  by  Turck  as  such) 


♦Ttirck,  L.  Ueber  sekiindftre  Erkrankung  einzelner  Rnckeiunark$>- 
strftnge  und  ihrer  Fortsetzungen  zura  Gehime.  Ztschr.  d.  k.-k.  Gesellsch. 
d.  Aerzte  zu  Wien  (1852),  ii,  511 ;  (1853),  ii,  289. 
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Fig.  640. — Experimental  Htimnlation  of  freshly  cut  substantia  alba  of  dog's  spinal 
cord.  (After  J.  (Jad  und  E.  Flatan,  Neurol.  Centralbl.,  Lcipz.,  Bd.  xvi,  1807, 
8.  483-485,  Figs.  1-5.)  A.  U'vel  of  T  IX.  B.  I^evel  of  T  VII.  C.  I^vel  of 
T  X.  D.  Level  of  T  X.  E.  I^vel  of  C  VIII.  Stimulation  at  B  and  G,  move- 
ments of  trunk  (homolaterol) ;  atp,  thigh  +  skin  of  abdomen  ;  at  a,  homolat- 
eral segmental  trunk  muKcles  +  extension  of  homolateral  foreleg  (plantar 
flexion  and  adduction  of  toes) ;  at  k,  no  muscular  contraction. 
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which  passes  down  in  the  ventral  column  of  the  cord  on  the  same 
side  without  decussation.*  He  asserted  that  these  tracts  degen- 
erated only  in  a  descending  direction  from  the  side  of  the  lesion, 
although  he  recognized  that  above  a  given  lesion  there  were  many 
fibres  which  degenerated  in  an  ascending  direction.  Turck  sug- 
gested that  the  cause  of  the  secondary  degeneration  was  probably 
the  interruption  of  conduction,  and  inclined  to  the  view  that  the 
conduction  direction  could  be  concluded  from  the  direction  as- 
sumed by  the  degeneration  in  a  given  case. 

This  preliminary  knowledge  of  secondary  degenerations  was 
much  expanded  by  the  investigations  of  Bouchard,!  Charcot,! 
Pierret,*  Nothnagel,||  von  Monakow,  and  others.  It  has  been 
possible  in  a  large  number  of  human  cases  to  follow  the  second- 
ary degeneration  not  only  of  the  whole  pyramidal  tract,  but  also 
of  the  separate  portions  of  this  tract,  to  their  destination.  A 
good  example  of  the  secondary  degeneration  of  the  pyramidal 
tract  after  a  cerebral  haemorrhage  in  the  region  of  the  internal 
capsule  is  illustrated  in  the  accompanying  sections  (Figs.  641). 
From  what  has  been  said  of  localization,  it  is  obvious  that  lesions 
of  the  cerebral  cortex  will  be  likely  to  cause  only  partial  sec- 
ondary degeneration  of  the  pyramidal  tract,  since,  in  order  to 
lead  to  complete  degeneration  of  the  tract,  an  enormous  area  of 
cortex  would  have  to  be  involved,  and,  as  a  matter  of  fact, 
haemorrhages  and  other  lesions  implicating  the  cortex  of  the 
pallium  and  centrum  ovale  are  not  sufficiently  large  to  lead  to 
destruction  of  the  cell  bodies  or  axones  of  all  the  neurones  ex- 
tending between  the  pallium  and  the  groups  of  lower  motor 
neurones.  Unfortunately  for  human  beings,  however,  the  most 
frequent  place  in  which  the  pyramidal  tract  suffers  injury  is  the 
internal  capsule.     Here  the  fibres  are  closely  pressed   together 


♦  Ttirck  designated  this  the  HUlaen-  Vorderstrangbahn. 

f  Bouchard,  C.  Des  d^g^n^rations  secondaires  de  la  moelle  epiniere. 
Arch.  gen.  de  ra6d.,  Par.  (1866),  i,  pp.  272 :  441 ;  561 ;  578 ;  ii,  273. 

X  Charcot,  J.  M.  Lemons  sur  les  maladies  da  systeme  nenreuz  faites  k  h 
Salpetriere,  8vo,  Paris  (1872-'73). 

*  Pierret.  Considerations  anatomiques  et  pathologiques  sur  le  faisceaa 
post^rieur  de  la  moelle  epiniere.  Arch,  de  physioL  norm,  et  path..  Par.,  t.  r 
(1873),  pp.  534-546. 

I  Nothnagel,  H.  Experimentelle  Untersuchungen  ueber  die  Functionen 
des  Gehims.  Arch.  f.  path.  Anat.,  etc.,  Berl.,  Bd.  Ivii  (1873),  pp.  184-214; 
Bd.  Ix  (1874),  S.  129-149. 


Fig.  641. — Degeneration,  following  hfemorrhage  of  six  monthB*  duration,  in  the 
nucleus  lateralis  thalami  and  in  the  lentlculo-optic  portion  of  the  capmla 
interna.  (After  C.  von  Monakow,  Gehirnpathologie,  Wien,  1897,  Figs. 
171-175. )  A.  Oblique  horizontal  section  through  the  anterior  part  of  Um 
nucleus  hypothalamicus,  corpus  Luysi ;  H,  cystic  nodiile  filled  with 
transformed  blood ;  /fi,  E,  pericystic  softening ;  <-f,  capsula  interna ;  D, 
secondary  degeneration  in  the  capsula  interna,  dotted  n^d ;  the  pyramidal 
tract  is  interrupted  and  totally  degenerated ;  J,  insula ;  LC,  nucleas 
hypothalamicus ;  Ped^  pedunculus  cerebri ;  //,  tractus  opticus ;  L»,  nucleos 
lentiformis ;  >Sfr,  corpus  striatum ;  lat,  nucleus  lateralis  thalami ;  veui, 
nucleus  ventralis  thalami ;  Ime,  lamina  medullaris.  B,  C,  D,  fronto-hori- 
zontal  sections  (plane  of  Meynert)  through  the  brain  stem  of  the  same 
case ;  B,  level  of  the  colliculus  superior  and  of  the  pedunculus  cerebri ;  C> 
middle  of  pons ;  D,  medulla  oblongata.  The  degenerated  pyramidal  tract  is 
red.  Aqu,  aque<luctn8  cerebri  ;  ///,  ncrvus  oculo-motorius ;  ///A',  nucleus 
nervi  oculo-motorii ;  sch^  lemniscus  medialis  ;  HL,  fasciculus  longitudiiults 
medialis  ;  BA^  brachium  conjunctivum  ;  Br  A,  brachium  pontis ;  JPed^  pedoji- 
cuius  cerebri  ;  pyr,  pyramidal  tract  degenerated  on  the  right  side :  cr,  corpus 
restiforme ;  V.  aufst,  tractus  spinalis  nervi  trigemini.  £.  Degenerated  fibres 
in  the  spinal  cord  of  the  same  case ;  1-3,  pars  cervicalis  ;  4-6,  pars  thoraoUis; 
9-12,  pars  lumbo-sacralis ;  pjfr,  fasciculus  cerebro-spinalis  ventralis;  pfn, 
fasciculus  ccrebro-spinalis  lateralis. 


GROUPING  AND  CHAINING  TOGETHER  OF  NEURONES.      1013 


IQ14  THE  NERVOUS  SYSTEM. 

into  a  compact  bundle,  and  a  tolerably  circumscribed  lesion  will 
suffice  to  lead  to  complete  interruption   of  all   the   descending 
motor  axones.     This  region  of  the  internal  capsule  is  supplied 
in  the  main  by  the  so-called  lenticulo-striate  artery  of  Duret,and 
in  by  far  the  greater  proportion  of  cases  of  hsemorrhage  this 
artery  is  involved.     So   frequently  does  hsemorrhage  take  place 
at  this  site  that  this  artery  has  been  designated  by  Charcot  as 
the  "  artery  of  cerebral  haBmorrhage."    This  explains  why  it  is 
that  in  the  majority  of  instances  of  cerebral  haemorrhage  there 
results  total  hemiplegia  of  the  opposite  side  of  the  body.    At 
autopsy  the  motor  tract  below  the  lesion  will  be  found  degener- 
ated, and  the  area  of  degeneration  can  be  distinctly  made  out  in 
the  cerebral  peduncle,  in  the  pons,  in  the  medulla,  and  in  the 
spinal  cord  as  far  as  the  lowest  level  to  which  the  fasciculi  cere- 
bro-spinales  penetrate.     If  an  autopsy  be  made  before  too  long 
a  period  has  elapsed,  the  area  corresponding  to  the  position  of 
the  motor  fibres  shows  a  diminished  consistence,  and  on  cross 
section  the  area  may  look  somewhat  darker  and   rather   more 
gelatinous  than  normal.     If  bits  of  the  tissue  be  placed  in  Mul- 
ler^s  fluid  for  a  few  days  the  degenerated  area  presents  on  cross 
section  a  typical  appearance.     One  makes  out  a  clear,  sharply 
circumscribed  zone,  distinctly  visible  to  the  naked  eye.     If  sec- 
tions be  examined  shortly  after  the  lesion  has  occurred,  numeroas 
cells  containing  fat  droplets,  the  so-called  granular  corpuscles, 
will  be  found  present   in   the   degenerated  area.      Specimens 
stained  by  Marchi's  method  show  the  degenerated  fibres  stained 
a  deep  black  color.     If  the  individual  have  lived  for  a  long  time 
(more  than  three  months)  after  the  lesion  has  occurred,  Marchi 
preparations  may  not  show  the  degenerated  area  well,  owing  to 
the  absorption  of  the  myelin  of  the  degenerated  fibres,  but  Wei- 
gert^s  method  will,  at  this  stage,  bring  out  clearly  the  area  of 
degenerated  fibres.     Instead  of  a  mass  of  normal,  black-stained, 
medullated  nerve  fibres,  a  yellowish  patch,  in  which  only  a  few 
normal  nerve  fibres  are  retained,  can  be  made  out.     It  is  impor- 
tant to  emphasize,  however,  the  fact  that  in  such  degenerated 
areas,  a  certain  number  of  fibres  nearly  always  escape   degen- 
eration.    This  is  owing  to  the  fact  that  in  the  area  ordinarily 
designated  in  the  spinal  cord,  for  example,  as  the  fasciculus  ceer- 
bro-spinalis  lateralis  or  lateral  pyramidal  tract,  there  are,  in  addi- 
tion to  the  medullated  axones  of  this  tract  proper,  a  number  of 
other  axones  which  do  not  belong  to  it.     Probably  no  absolotelj 
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pure  tract  eiiste  in  the  apinal  cord,  hut  there  is  everywhere  a 
greater  or  less  admixture  of  iibres  of  different  tracts.  This  ac- 
counts, thcreforo,  for  the  preservation  of  certain  normal  medul- 
lated  fibres  in  the  area  of  the  pyramidal  tract  even  after  at)  the 
motor  fibres  descending  from  the  pallium  have  andergone  second- 
ary degeneration.  Another  reason,  however,  for  the  persistence 
of  healthy  medullated  fibres  ia  the  region  of  one  lateral  pyram- 
idal tract  after  unilateral  cerebral  lesion  is  the  presence  in  each 


Fia.  043. — A.  Purtion  of  pTramidal  in  trHt;t  in  crue  M-ftion  wbich  has  undergone 
BiiMnnJary  degenpmtiiiii ;  o.  a:ioiitw;  i,  granulsr  and  finely  flbrouii  areu  uf 
tranHformed  neurciKlia  ;  c,  Binj;]?  nnnnal  nene  flbrc-s  rvnuining  uninjured  ; 
r,  cBviticH  which  have  ariwn  by  the  hreskiDH  down  and  abnorption  uf  nerve 
flbrau  B.  Section  of  the  iiorroBl  pyramidal  tract ;  a,  ciinnectivc-tisnue  septa ; 
.   I....... iv —      -., .._.,  Mcinakow.  Oehlrnpiithologie,  Wien. 

lateral  pyramidal  tract  of  medullated  axooes  from  both  cerebral 
hemispheres.  As  we  shall  see  farther  on,  it  has  been  proved  that 
besides  the  crossed  axonea  in  the  lateral  pyramidal  tract  there 
are  always  a  certain  number  of  axones  which  descend  in  the 
lateral  bundle  uncrossed  from  the  cerebral  hemisphere  of  the 
same  side.  The  differences  in  appearance  of  the  healthy  py- 
ramidal tract  and  of  that  which  has  undergone  secondary  de- 
generation are  represented  in  Fig.  642. 


CHAPTER  LXII. 

INTERMEDIARY   AND   UPPER   MOTOR   NEURONES    (CONTINUED). 

Fibres  from  the  palliam  to  the  motor  nuclei  of  the  cerebral  nerves — Studies 
of  Hoche  and  others — Results  of  extirpation  of  localized  areas  of  the 
cortex — Significance  of  uncrossed  fibres  of  the  pyramidal  tract — Inter- 
calation of  dendraxones  between  upper  motor  neurones  and  lower  motor 
neurones — The  centrifugal  cortico-muscular  conduction  path — Clinical 
symptoms  following  lesions  of  different  portions  of  the  path. 

2.  ThoM  th0  Axonot  of  whioh  ran  to  the  Kotor  Knolei  of  tlw  Cerelmd  VerviSi 

The  study  of  the  degenerated  descending  motor  axones  in 
human  beings  by  means  of  the  method  of  Marchi  has  in  recent 
years  thrown  a  flood  of  new  light  upon  the  distribution  of  these 
axones.  As  a  single  instance  of  the  applicability  of  this  method 
and  of  the  special  advantages  afforded  by  it,  may  be  mentioned 
the  recent  research  of  Hoche*  in  connection  with  two  fatal  cases 
occurring  close  together  in  which  there  was  softening  of  one 
cerebral  hemisphere.  His  findings  are  very  remarkable  in  many 
ways,  and  it  is  as  yet  too  early  to  pass  judgment  upon  them. 
More  cases  must  be  studied  by  the  same  method  before  the  last 
word  can  be  said.  It  had  been  generally  believed  that  in  the 
cerebral  peduncle  the  fibres  coming  from  the  pallium  to  the  motor 
nuclei  of  the  cerebral  nerves  were  most  medially  placed,  while 
those  for  the  arm  and  leg  were  more  laterally  placed  ;  and  there 
is  much  clinico-pathological  evidence  in  favor  of  this  assump- 
tion. Heche's  cases,  however,  did  not  support  the  prevailing  view. 
The  area  in  the  section  of  the  pes,  corresponding  to  that  ordi- 
narily taken  to  be  the  one  in  which  the  fibres  innervating  the 
motor  nuclei  of  the  cerebral  nerves  are  situated,  was  in  Hoche's 
case  entirely  free    from   degeneration,  although   clinically  the 

*  Hoche,  A.  Beitr&ge  zur  Anatomie  der  Pyramidenbahn  und  der  oberen 
Schleife  nebst  Bemerkungen  ueber  die  abnormen  BQndel  in  Pons  und  Me- 
dulla oblongata.  Arch.  f.  Psychiat.  u.  Nervenkr.,  Berl.,  Bd.  xxx  (18!)8),  H. 
i,  S.  103. 
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paralysis  had  involved  the  domain  of  the  cerebral  nerves.  On 
the  other  hand,  in  Hoche's  case  lateral  from  the  area  usually 
designated  as  the  motor  area,  in  a  section  of  the  cerebral  peduncle 
which  has  always  been  believed  to  be  an  area  through  which  sen- 
sory fibres  pass  upward  into  the  cerebrum,  degeneration  had 
occurred  in  a  centrifugal  direction.  Hoche  followed  the  degen- 
eration from  the  base  of  the  cerebral  peduncle  and  downward. 
The  pyramidal  tract  proper  (for  the  upper  and  lower  extremities) 
corresponded  closely  to  the  descriptions  usually  given  of  it. 
Thus  no  fibres  were  given  off  from  it  to  the  nuclei  of  the  nervi 
oculo-motorii,  althoVigh  a  great  number  were  followed  from  it  to 
the  nucleus  nervi  facialis  and  to  the  nucleus  nervi  hypoglossi. 
Hoche  found  fibres  going  from  the  pyramidal  tract  of  one  side 
to  the  nucleus  nervi  facialis  of  the  same  side,  and  also  across  the 
raphe  to  the  nucleus  nervi  facialis  of  the  opposite  side.  A  large 
number  of  fibres  going  from  the  pyramidal  tract  to  the  nucleus 
nervi  hypoglossi  of  the  same  side  and  a  few  to  the  nucleus  nervi 
hypoglossi  of  the  opposite  side  could  also  be  made  out.  In  the 
spinal  cord  degenerated  fibres  could  be  traced  from  both  pyram- 
idal tracts  into  the  gray  matter  of  the  ventral  horns ;  and  it  is 
worthy  of  note  that  from  the  lateral  pyramidal  tract  fibres  go 
not  only  to  the  ventral  horn  of  the  same  side,  but  some  of  them 
pass  through  the  ventral  white  commissure  to  enter  the  ventral 
horn  of  the  opposite  side. 

Hoche  also  asserts  that  the  fibres  from  the  ventral  pyramidal 
tract  (fasciculus  cerebro-spinalis  ventralis)  run  in  to  terminate  in 
the  gray  matter  of  the  ventral  horns  of  both  sides,  but  mainly  in 
the  ventral  horn  of  the  opposite  side  of  the  cord.  Hoche's  find- 
ing, that  fibres  of  upper  motor  neurones  run  to  the  cerebral 
motor  nuclei  of  both  sides,  brings  these  nuclei  closely  into  accord 
with  the  motor  nuclei  of  the  spinal  cord. 

Still  more  interesting,  however,  than  these  double  relations  of 
the  pyramidal  tract  to  the  cerebral  motor  nuclei  are  the  observa- 
tions of  Hoche  with  regard  to  another  descending  motor  tract. 
In  his  first  case,  especially,  he  was  able  to  prove  that  the  nucleus 
nervi  facialis  and  the  nucleus  nervi  hypoglossi  receive  medullated 
axones  from  the  cerebrum  by  a  path  entirely  separate  from  the 
pyramidal  tract,  which  descends  through  what  we  have  been 
accustomed  to  consider  as  an  almost  purely  sensory  region — 
namely,  that  of  the  medial  lemniscus.  Coming  out  of  the  lem- 
niscus medialis  in  the  pons  and  extending  between  it  and  the 
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nucleus  nervi  facialis  of  the  same  and  of  the  opposite  side  could 
he  made  out  a  numher  of  degenerated  fibres.  In  the  same  way, 
coming  out  from  the  stratum  interolivare  lemnisci  of  one  side, 
could  be  seen  a  number  of  degenerated  fibres  extending  from  it 
to  the  nucleus  nervl  hypoglossi  of  the  same  side  and  through  the 
raphe  of  the  nucleus  nervi  hypoglossi  of  the  opposite  side  (Fig.  643). 
That  these  fibres  are  entirely  distinct  from  the  majority  of  the 
fibres  of  the  lemniscus  medialis  Is  proved  not  only  by  the  fact  that 
they  degenerate  In  a  descending  direction,  but  also  by  the  fact 
that  higher  up  in  the  nervous  system  they  are  entirely  separated 
from  the  rest  of  the  fibres  of  the  lemniscus  medialis.  Thus  In 
the  uppermost  planes  of  the  cerebral  peduncle  these  fibres  do 
not  lie  in  the  region  of  the  lemniscus  at  all ;  they  are  sitaated  In 
the  base  of  the  peduncle  in  the  immediate  neighborhood  of  the 
fibres  of  the  pyramidal  tract,  but  are  placed  lateral  to  them. 
These  fibres  in  reality  appear  to  come  out  of  the  Internal  capsule, 
whence  they  go  Into  the  base  of  the  cerebral  peduncle,  occupying  ' 
a  position  just  lateral  to  the  fibres  of  the  pyramidal  tract  In 
the  pons,  however,  they  become  somewhat  separated  from  the 
fibres  of  the  pyramidal  tract  and  become  displaced  Into  the 
region  of  the  lemniscus  medialis,  running  downward  In  this 
bundle  for  a  considerable  distance.  It  is  Interesting  to  note  that 
this  descending  centrifugal  bundle  of  the  medial  lemniscus  had 
been  made  out  many  times  before,  though  its  significance  had 
not  been  properly  valued.  Thus  it  had  long  been  known  from 
the  researches  of  Flechsig  and  von  Bechterew  that  a  certain 
number  of  the  fibres  from  the  medial  lemnlscns  become  medal- 
lated  at  a  much  later  period  than  do  the  majority  of  Its  fibres. 
Von  Bechterew  had  even  given  this  bundle  a  special  name.* 

Hoche  has  studied  the  position  of  the  fibres  In  the  brain  of 
the  newborn  babe,  when  they  are  easily  distinguishable  owing  to 
the  fact  that  they  are  non-meduUated  and  appear  as  pale  areas 
(Fig.  644). 

It  is  especially  interesting  that  in  Hoche's  two  cases  the 
most  medial  parts  of  the  base  of  the  cerebral  peduncle  (Flech- 
sig's  frontal  cerebro-corticopontal  path)  were  entirely  free  from 

♦  von  Bechterew  designated  it  the  aceessoriaehe  Schleife,  Schlesinger 
calls  it  the  IcUerale  pontine  Bundel.  It  is  not,  however,  identical  with  tlie 
temporal  cerebro-corticopontal  path  of  Flechsig;  for  in  the  base  of  the 
peduncle  Hoche's  fibres  lie  between  the  temporal  cerebro-corticopontal  path 
of  Flechsig  and  the  fibres  of  the  pyramidal  tract 
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degtj Deration ;  and  that  also  the  moat  lateral  portions  of  the  base 
of  the  peduncle  (Flechaig'B  temporal  cerebro-corticopontal  path, 
Biiiidel  von  der  Sckleife  bis  turn  Fuss)  were  also  entirely  free 
from  Beeondary  degeneration. 


'%:. 


WM 


Pio.  B44.— Xnii'innlulUtod  fibres  in  the  lemnincna  at  birth  cniTeflpondiTig  tn  the 
ceiitrifuRnl  bundlEH  of  the  iemniiirUH,  'After  A.  Huche,  Arch.  f.  P^chiat., 
Rcrl..  Bd.  ixi.  1898.  Taf.  iv.  Fiin.  S4  M  28.)  A.  Level  of  the  coljiculiu  In- 
ferinr.  B.  Level  cif  nuperinr  jnrt  of  pona.  C.  LevH  of  nprvUB  IrigeminuB. 
D.  If  v«l  of  gpioal  eitrtmity  of  nudcuB  nervf  fiicisliti.    £.  Level  of  nerviu 

In  the  most  medial  part  of  the  peduncle,  Flechsig  and  others 
have  located  the  path  from  the  pallium  to  the  nuclei  of  the  motor 
cerebral  nerves,  while  by  Spitzka  it  was  placed  in  the  lateral  part 
of  the  pes,  in  the  so-called  bundle  from  the  lemniscus  to  the  pea. 
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It  seems  probable,  therefore,  on  comparing  Hoche's  researches  with 
those  of  other  investigators,  that  the  nuclei  of  the  motor  cerebral 
nerves  can  be  thrown  under  the  influence  of  the  pallium  by  means 
of  fibres  which  run  in  two  entirely  different  paths — (1)  a  path  situ- 
ated in  the  pes  medial  to  the  pyramidal  tract,  and  (2)  a  path  in  the 
pes  lateral  from  the  pyramidal  tract.  That  different  motor  paths 
destined  for  the  cerebral  motor  nuclei  may  possibly  exist  is  of  the 
highest  interest  in  connection  with  the  puzzling  clinical  problems 
met  with  in  the  domain  of  distribution  of  the  cerebral  motor 
nerves.  We  may  hope  that  further  investigations  with  the  Marchi 
method  of  secondary  degeneration  after  cerebral  lesions  will  clear 
up  anatomically  these  clinical  differences,  especially  with  regard 
to  paralyses  of  the  face  and  tongue  which  have  so  long  puzzled  us. 

In  one  of  Hoche's  cases  there  was  degeneration  of  an  abnor- 
mally placed  bundle  of  fibres  of  the  pyramidal  tract,  which  evi- 
dently corresponds  to  the  abnormal  bundle  described  by  Pick,* 
Heard,t  of  Pittsburg,  and  others.  It  would  seem  that  in  a  few 
instances  a  bundle  leaves  the  pyramidal  tract  of  one  side,  under- 
goes premature  decussation  in  the  raphe,  and  takes  an  abnormal 
course  through  the  medulla  oblongata,  fusing  finally  again  with 
the  fasciculus  cerebro-spinalis  lateralis  below  the  level  of  the  gen- 
eral pyramidal  decussation. 

One  of  the  most  fruitful  of  all  the  modes  of  investigation  for 
the  determination  of  the  course  of  the  fibres  of  the  pyramidal 
tract,  especially  of  individual  portions  of  this  tract,  is  that  of  ex- 
tirpation of  the  whole,  or,  more  particularly,  of  limited  areas  of  the 
motor  cortex,  with  subsequent  study  of  the  nervous  system  for 
secondary  degenerations.  The  earlier  studies  of  von  Gudden,| 
von  Monakow,*  Franck  and  Pitres,||  and  Moeli  ^  were  carried 

*  Pick,  A.  Ueber  ein  abnorraes  Faserbflndel  in  der  Menschlichen  Me- 
dulla oblongata.     Arch.   f.   Psychiat.  u.   Nervenkrankh..   Bd.   xxi  (1889). 

f  Heard,  J.  D.  Ueber  abnorme  NervenbUndel  in  der  Medulla  oblongata 
des  Menschen.  Arb.  a.  d.  Inst.  f.  Anat.  u.  Physiol,  d.  Centralnervensyst.  an 
d.  Wien.  Univ.,  Leipz.,  u.  Wien  (1894),  H.  ii,  S.  86-90. 

X  von»Gudden.    Cor.-Bl.  f.  schweiz.  Aerzte  (1872),  No.  4. 

*  Experimentelle  Beitr&ge  zur  Kenntniss  der  Pyramiden-  und  Schleifen- 
bahn.    Cor.-Bl.  f.  schweiz.  Aerzt«,  Basel,  Bd.  xvi  (1884),  S.  129  ;  157. 

I  Franck,  Francois,  et  A.  Pitres.  Des  degenerations  secondaires  de  la 
moelle  epiniere  consecutive  a  Tablation  du  gyrus  sigmoTde  chez  le  chien. 
■Gaz.  m^d.  de  Par.,  6.  s.,  t.  ii  (1880),  pp.  152-154. 

^  Moeli,  C.  Ueber  sekund&re  Degeneration.  Arch.  f.  Psychiat  u. 
Nervenkr.,  Bd.  xiv  (1883),  S.  173. 
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out  with  the  aid  either  of  the  carmine  method  or  the  method  of 
Weigert,  but  the  newer  studies  have  been  muoh  more  exact  owing 
to  the  possibility  of  greater  accuracy  afforded  by  the  delicate 
method  of  Marchi.  With  this  method  Marchi  and  Algeri,*  Mura- 
toff,f  Mellus,J  Langley  and  Sherrington,^  and  Sherrington!  have 
obtained  important  results. 

Of  these  experiments,  those  which  have  been  carried  out  upon 
monkeys  are  of  course  most  valuable,  since  they  yield  conclusions 
more  applicable  to  man.  In  general  it  may  be  said  that  they 
have  shown  that  the  course  outlined  for  the  fibres  of  the  pyram- 
idal tract  by  the  embryological  method  and  by  the  method  of 
electrical  excitation  is  correct.  The  experiments  have  also  cleared 
up  the  puzzling  findings  in  human  cases,  in  which  after  unilateral 
cerebral  lesion  degenerations  in  both  lateral  pyramidal  tracts  of 
the  spinal  cord  were  observed,  since  they  prove  conclusively  that, 
after  extirpation  even  of  minute  areas  of  the  cerebral  cortex  in 
the  motor  region,  fibres  of  the  pyramidal  tract  degenerate,  not 
only  in  the  lateral  pyramidal  tract  of  the  opposite  side  of  the 
spinal  cord,  but  also  in  the  lateral  pyramidal  tract  of  the  same 
side  of  the  cord.  Bach  cerebral  hemisphere  in  the  monkey  is 
connected  with  the  ventral  horns  of  both  sides  of  the  spinal  cord. 

The  explanation  of  the  appearance  of  degenerated  fibres  in 
both  lateral  pyramidal  tracts  has  been  attempted  by  Sherrington 
and  by  Melius.  Sherrington's  earlier  researches  led  him  to  be- 
lieve that  there  was  a  total  crossing  of  the  fibres  of  the  pyramidal 


♦  Marchi,  V.,  e  G.  Algeri.  Sulle  degenerazioni  discendenti  consecutive 
a  lesioni  sperimentali  in  diverse  zone  della  corteccia  cerebrale.  Riv.  sper.  d. 
freniat.,  Reggio-Emilia,  vol.  xii  (188^'87),  pp.  208-252. 

f  Muratoflf,  W.  Secundilre  Degenerationen  nach  ZerstSrung  der  motor- 
ischen  Sphftre  des  Gehirns  in  Verbindung  mit  der  Frage  von  der  Localisa- 
tion der  Hirnfunctionen.  Arch.  f.  Anat.  u.  Physiol.,  Anal.  Abth.,  Leipz. 
(1893),  S.  97-116. 

X  Melius,  E.  L.  Preliminary  Note  on  Bilateral  Degeneration  in  the  Spi- 
nal Cord  of  Monkeys  (Macacus  sinicus)  following  Unilateral  Lesion  of  the 
Cortex  Cerebri.  Proc.  Roy.  Soc.,  Lond.  (1894),  May  23.— Experimental  Do- 
generations  following  Unilateral  Lesions  of  the  Cortex  Cerebri  in  the  Bon- 
net Monkey  (Macacus  sinicus).  [Abstr.]  Proc.  Roy.  Soc.,  Lond.,  vol.  Iviii 
(1895),  pp.  206-214. 

•  Langley,  J.  N.,  and  C.  S.  Sherrington.  Secondary  Degeneration  of 
Nerve  Tracts  following  Removal  of  the  Cortex  of  the  Cerebrum  in  the  Dog. 
J.  of  Physiol.,  Lond.,  vol.  v  (1884-'85),  pp.  49-65. 

I  Sherrington,  C.  S.    Note  on  Experimental  Degeneration  of  the  Pyram- 
idal Tract.    liancet,  Lond.,  i  (1894),  p.  265. 
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tract  Mellua  concluded  that,  instecd  of  a  total  crossing,  certain 
of  the  fibres  of  the  pyramidal  tract  did  not  cross  at  all — a  con- 
clusion with  which  Sherrington  in  hia  more  recent  articles  ap- 
pears to  agree. 

The  experiments  of  Melius,  which  were  carried  out  under  the 
direction  of  Victor  Horsle;  in  London,  and  which  are  still  bein^ 
continued  in  Dr.  Mall's  laboratory  in  Baltimore,  may  be  referred  to 
somewhat  more  in  detail.  Melius  operated  upon  the  boniiet  monkey, 
extirpating  small  areas  from  the  motor  cortex,  sometimes  from  the 
hatlus  centre,  sometimes  from  the  thumh  centre,  sometimes  from  the 
various  centres  in  the  facial  area.  The  animals  were  Idlled  in  from 
two  to  five  weeks  after  the  operation,  and  the  brains  studied  by  the 
method  of  Marchi  (Fig,  645). 


PlO.  S45, — Brain  of  mnnkpj  '  .Varnnu  niiirw).  HhowiDB  roTtif*!  ana  ritirpaWd. 
M  hRlloi :  T.  thumb:  F.  larial.  Brinft  the  upper  hordrraTEMrial  an* npon 
the  anlcriorrential  Kynis,  the  movemenl  rppmratrd  beiog  eloEorr  nf  the 
oppmite  eye  and  retravtion  of  the  opponle  romer  of  the  mouth.  (  Eiprri- 
mcDta  of  E.  L.  Melius. ) 

After  ledons  of  the  hallux  centre,  there  d^enerated  many  asso- 
ciation fibres,  both  coarse  and  fine,  which  pass  from  the  central 
gyri  down  as  far  as  the  level  of  the  inferior  genu  of  the  sulcus  cen- 
tralis Rolandi.  Some  fine  itssociation  fibres  were  found  to  pass  to 
the  lobulus  parietalis  superior,  others  to  the  posterior  part  of  the 
gyms  frontalis  superior,  and  both  coarse  and  fine  association  fibres 
were  found  to  connect  the  hallux  centre  with  the  lobnlns  para- 
cenb-alis.  This  centre  was  further  connected,  by  means  of  fibres 
which  passed  through  the  corpus  callosuin.  with  the  hemisphere  of 
the  opposite  side  being  distributed  in  the  opposite  hemisphere  in  an 
area  on  the  whole  similar  to  that  whence  they  arose. 

The  projection  fibres  which  d^enerale  after  lesion  of  toe  hallux 
centre  could  be  followed  through  the  medial  half  of  the  centrum 


and  pbii(o-BUri>j«n(^  bj'  E.  L.  Ut-U 

the  fasciculus  c«r«bro-spiiialts  lateralis  of  the  opptnqtr  ^m^  oi  iv- 
coed,  a  smaller  portion  going  U>  Ui«  fasciculus  cerrtm>-spenal^  b:- 
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eralis  of  the  same  side.  Tbe  relative  number  of  crossed  and  un- 
croased  fibres  varies  considerably  in  tbe  different  animals  experi- 
mented upon.     A  few  fibres  pass  down  in  tbe  fasciculus  ventralis 


of  the  cord  of  the  same  side,  which  proves  that  in  the  monkey,  con- 
trary to  the  general  statement,  there  ia  a  very  feebly  developed  faa- 
ciculus  cerebro-spinalis  ventralis  (Fig.  649).  The  deg'enerated  fibres 
could  be  followed  down  through  the  cervical  and  thoracic  cord 
without  showing  diminution  in  number,  but  in  the  lumbar  region 
of  the  cord  the  degeneration  in  the  lateral  tracts  of  both  sides  and 
in  the  ventral  tract  on  the  same  side  begins  to  disappear,  although 
certain  fibres  extend  below  the  level  even  of  tbe  third  sacral  root 

Following  extirpation  of  the  thumb  centre  (cortex  of  posterior 
central  gyrus  between  inferior  eitremity  of  sulcus  interparietalis 
and  sulcus  centralis  Rolandi,  a  little  above  the  inferior  genu  of 
the  latter  sulcus  in  the  bonnet  monkey)  association  fibres  degen- 
erate to  tbe  anterior  and  posterior  central  gyri,  the  posterior  por- 
tion of  the  gyrus  frontalis  medius  and  the  gyrus  frtmtalis  inferior 
and  to  other  gyri  of  the  cortex.  A  certain  number  of  association 
fibres  from  the  thumb  centre  pass  through  about  the  middle  third 
of  the  corpus  callosum  to  the  hemisphere  of  the  opposite  side. 

Fine  and  coarse  projection  fibres  degenerate  from  the  thumb 
centre  downward  through  the  centrum  semiovale.     The  fine  fibres 


!•■  It-Tfl  uf  Anirn 

•^jiliuliii  Uti-nlin  a(b-r  <•] 

l"fi  liirr.U|.l..(.-.     <K>|>irrim>-ntiiiHl  ph<it»-iiikrr>i)cn|«fa  by  E  L  WHte^ 

iif  till-  ci-ri'I'ru)  |M<4liiiicte  the  thumb  flbrex  occupv  tbe  middk  tkiri 
lit  till'  Hwu  UN  W1-II  im  v.ntm  lUHtlmn.  A  l^rge  number  of  the  (tr» 
fnitJHl  lltiri'N  jMuw  to  tlin  HuWuiitia  riifp^  Melius  states  that  &mt 
hiilf  !*»  iHitrly  lli«<  wtioh' uf  tht!  de^neration,  following  lesioiKrf^ 
tliiitiili  ri'iilri',  wliioli  cxl^iiulx  an  far  an  the  cerebral  pedunclr.  mw 
liiili'M  ill  thi-  milwliiiiliu  iiijtra.  At  the  pyramidal  deciissation  in  ^ 
liiinliiMit  tli<'  iiiiijiirity  of  ttiu  tlbrtM  cross  over  into  the  lateral  prnm 
liliil  Imrl  (if  tin-  oiiiKmitf  Hide,  nltliou^h  a  few  go  don-n  in  Ui*  bi- 
ithI  fiiiiiciiliiH  (KiK,  flWl),  and  still  fewer  in  the  ventral  fnnicali  <i 
tilt'  KHiiii'  litli'.  [t  in  i)il4>reBtinfr  that  the  degenerated  6hna  do  iwt 
Mil))  in  llii«  iiii|»ir  eorvicnl  levels,  but,  as  might  have  been  eip«*<l 
fiMlit  llii>i<x|K>riiii«nl«i>f  Forrieraiid  Yeo,  begin  to  leave  Lhr  whiir 
liiHllor  friiin  th«  tt'vol  uf  the  iteventh  cervical  root  downwani  t^ 
tl>>iii<iit>mlliig  tibron  tit4>u(lily  and  ttraduallj-  disappearing  bv  lunuU 
liilii  llip  gfny  iimtttT  until  at  tlie  level  of  the  third  thoracic  root  m 
iti>IIT<ii«r»l<Hl  llltnut  mmniii. 

Il  wiiiilil  Uilcn  l(M>  hing  tn  i)e»rribe  all  of  the  eJEperimmu  ma^ 
hy  Mi'lhiH  in  ottiiuivtiun  with  the  facial  area  of  tlie  c 
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asiiiucli  as  he  worked  principally  with  the  cortical  area  correspond- 
ing to  the  motor  representation  for  opening  the  mouth  straight,  hia 
results  after  extirpation  of  this  area  may  be  briefly  described.  Tbe 
fibres  from  this  area  were  carefully  studied  as  well  a 


Flo.  653.— DeKcnimttd  una  in  Fig.  esi.  rnlarged.     (rhotv-microgniph  by  E.  L 


the  projection  fibres.  As  regards  the  latter,  both  flne  and  coarse 
fibres  degenerated,  the  fine  fibres  terminating  in  the  thalamus,  the 
coarse  (fibres  of  the  pyramidal  tract)  extending  through  the  anterior 
portion  of  the  capsule  (in  its  upper  levels)  and  the  middle  third  of 
the  posterior  limb  of  the  capsule  (in  its  lower  levels)  (Figs.  651 
and  t;52)  to  enter  the  cerebral  peduncle.  In  the  cerebral  peduncle 
the  fibres  are  scattered  evenly  over  the  middle  third  of  the  area,  as 
seen  on  cross  section,  encroaching  a  little  upon  the  lateral  third 
(FigH.  653  and  694).  Some  fibres  leave  the  tract  here  lo  terminate 
in  tiie  substantia  nigra  or  in  the  hypothalamic  region. 

Farther  down  the  remaining  degenerated  fibres  begin  to  leave 
the  pyramidal  tract  at  the  junction  of  the  pons  and  medulla  oblon- 
gata, and  single  degenerated  fibres  could  t)e  followed  to  the  nucleus 
nervi  facialis  of  the  same  side  and  of  the  opposite  side  to  the  motor 
nuclei  of  the  N.  glossopbaryngeus  and  N.  vagus  of  both  sides. 

Melius  emphasizes  the  fact  that  all  the  degenerated  pyramidal 
fibres  from  the  hallux  and  thumb  regions  enter  the  internal  capsule 
at  or  near  its  posterior  extremity,  while  the  corresponding  fibres 
from  the  lesions  in  the  facial  area  enter  the  capsule  at  or  near  its 
anterior  extremity.  The  former  fibres  become  displaced  forward 
at  lower  levels,  the  latter  backward,  until  in  the  lower  levels  of 
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the  internal  capsule  the  fibres  are  all  crowded  together  at  about  the 
middle  third  of  the  posterior  limb.  "  It  is  also  shown  that  a  line 
can  be  drawn  from  the  fissure  of  Sylvius  forward,  so  dividing  the 
motor  area  into  two  parts— that  of  the  facial  lesions  from  which 
fibres  enter  the  anterior  portion  of  the  capsule  would  be  in  the 
anterior  division,  and  all  the  hallux  and  thumb  lesions  from  which 
fibres  enter  the  posterior  portion  of  the  capsule  would  be  in  the 


Fio.  664.— DeffencraKd  a 


.  653,   enlarged,     IPhoto-microEnpb  atUr 


posterior  division.  In  the  movement  of  the  facial  fibres  backward 
between  the  upper  and  lower  levels  of  the  capsule  they  would 
necessarily,  at  some  level,  envelop  the  genu,  which  would  account 
for  the  fact  that  they  have  always  been  described  as  occupying  that 
position."  The  striking  agreement  of  the  findings  in  these  cases  of 
experimental  degeneration  with  those  following  upon  electrical 
excitation  will  be  clear  if  the  two  be  compared  with  one  another 
(vide,  mipra).  Melius  emphasizes  the  fact  that  in  the  base  of  the 
cerebral  peduncle  iu  the  monkey  the  facial  fibres  are  mixed  up  in 
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the  middle  third  of  the  area,  as  seen  on  cross  section,  and  do  not 
occupy  a  space  by  themselves  medial  to  the  fibres  of  the  pyramidal 
tract. 

The  significance  of  the  uncrossed  fibres  of  the  pyramidal  tract 
is  somewhat  difficult  to  understand.  Now  that  we  know  that  a 
certain  number  of  fibres  remain  uncrossed  even  to  their  termina- 
tion, and  the  proof  has  been  brought  that  each  cerebral  hemi- 
sphere stands  in  connection  with  the  groups  of  lower  motor 
neurones  on  both  sides  of  the  rhombencephalon  and  spinal  cord, 
it  does  not  seem  unlikely  that  in  the  uncrossed  fibres  we  may 
find  the  anatomical  explanation  for  the  physiological  peculiari- 
ties of  the  so-called  bilaterally  innervated  movements.  It  is  not 
impossible,  too,  that  herein  is  to  be  sought  the  explanation  of 
the  curious  behavior  of  the  so-called  residual  paralyses  after 
cerebral  hemiplegia,  which  have  been  ably  described  by  Wernicke 
and  Mann,  of  Breslau.  The  cases  of  hemiplegia  following  homo- 
lateral lesion  of  the  brain  have  also  to  be  thought  of  in  this 
connection,  though  it  is  not  yet  clear  that  the  explanation  of 
this  unusual  phenomenon  is  to  be  found  here. 

The  light  thrown  upon  the  upper  motor  neurones  by  studies 
undertaken  with  the  method  of  Golgi  concerns  mainly  (1)  the 
interrelations  of  the  cell  bodies  and  dendrites  of  these  neurones 
with  one  another,  and  with  those  of  other  neurones  in  the  cere- 
bral cortex ;  (2)  the  collaterals  given  off  by  the  axones  of  these 
neurones  in  various  parts  of  their  course ;  and  (3)  the  terminal 
relations  of  these  axones. 

For  the  interneuronal  relations  in  the  cerebral  cortex  the 
reader  is  referred  to  the  studies  of  Ramon  y  Cajal.*  His  scheme 
is  reproduced  in  Pig.  655. 

The  studies  of  Starr,  Strong,  and  Learning  include  investiga- 
tions in  this  area.     In  Fig.  656  their  scheme  is  shown. 

As  to  the  collaterals  given  off  by  the  axones  of  the  pyramidal 
tract  a  number  arise  in  the  first  place  while  the  axones  are  still 
in  the  cerebral  cortex ;  others  are  given  off  shortly  after  their 
entrance  into  the  corona  radiata.  In  the  pons,  collaterals  from 
the  pyramidal  tract  are  distributed  to  the  nuclei  pontis.  In  the 
gray  matter  in  which  the  axones  of  the  pyramidal  tract  terminate 

*  Ram6n  y  Cajal,  S.  Les  nouvelles  idees  sur  la  structure  du  systeme 
nerveux  chez  rhomme  et  chez  les  yert^bres.  Par.  (Reimwald  et  Cie),  (1894), 
pp.  3d-69. 
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It  w  hifrhly  df^irAhle  that  the  exatn  terminal  re^kii->3«  ^  tie 
axr>ri€;^  of  the  Dpper  motor  nean^nc^  be  more  thoroQAi^  aTi'b^ 
bj  meskfis  of  the  method  of  GolgL  for  we  find  in  the  bil>L:-:«T»fi; 
two  diametricallj  oppodte  yiewa  with  regvd  to  the-  reJaii'-cs*  -'-i 
the  termiDaL«  of  these  axones  of  the  cell  bodies  auid  dendrhcs  -sf 
the  lower  motor  tie  a  rones.     Von  Monakow*   beiieres  that  tae 


*  Tr>n  Mrtnakov.  C.  Experimen telle  mid  patholo^iadKaiiatoiBfirbe  fe- 
ter^Tichangen  ueberdie  Haabenregiotu  den  Sehfafi|rei  and  die  Reinrnriirtt^ 
mica.neb«t  BeitriK^n  znr  Kenntnis  frQh  erworbener  Gros^-  and  KieisaiiB' 
defecte.     Areh.  f.  Psjchiat.  a.  Xerrenkr^  BerL,  Bd.  xjLrii  (I89ojL  S.  1 
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axones  of  the.  pyramidal  tract  in  all  probability  do  not  enter  into 
direct  conduction  relation  with  the  lower  motor  neurones  at  all. 
He  is  of  the  opinion  that  in  between  the  upper  motor  neurones 
and  the  peripheral  motor  neurones  are  intercalated  dendraxones 
(Golgi  cells  of  Type  II,  von  Monakow's  Schaltzellen).  By  means  of 
these  dendraxones  the  peripheral  motor  neurones  are  aggregated 
into  groups,  so  that  one  or  more  pyramidal  axones  acting  upon  the 
dendraxone  could  set  into  activity  all  the  motor  neurones  requi- 
site to  innervate  the  muscle  fibres  concerned  in  the  production  of 
a  given  movement.  By  means  of  this  intercalation  of  dendrax- 
ones  von  Monakow  would  account  for  the  production  of  so  many 
different  movements  with  so  limited  a  number  of  fibres  as  the 
pyramidal  tract  contains.  This  highly  ingenious  view  is  not 
purely  theoretical,  for  von  Monakow  states  that  in  his  extensive 
series  of  secondary  degenerations  of  the  pyramidal  tract  he  finds 
that  the  degenerated  fibres  do  not  extend  into  the  ventral  horns 
of  the  spinal  cord,  inasmuch  as  the  substantia  gelatinosa  does  not 
atrophy  and  disappear  there.  On  the  other  hand,  there  is  with 
lesion  of  the  pyramidal  tract  a  disappearance  of  the  substantia 
gelatinosa  in  the  region  of  the  processus  reticulares  near  the 
lateral  horn.  Von  Monakow,  therefore,  suggests  that  in  this  part 
of  the  gray  matter  are  situated  the  dendraxones  which  receive 
the  impulses  directly  from  the  fibres  of  the  pyramidal  tract,  and 
which  by  means  of  their  axones  in  turn  distribute  them  to  the 
dendrites  and  cell  bodies  of  the  lower  motor  neurones.  This 
view  of  von  Monakow  has  been  supported  with  a  good  deal  of 
vigor  by  Redlich.* 

On  the  other  hand,  von  Kolliker  assumes  that,  taking  into 
consideration  the  number  of  collaterals  given  off  by  the  terminals 
of  the  axones  of  the  pyramidal  tract,  the  total  number  of  fibres 
coming  into  relation  with  the  lower  motor  neurones  is  quite 
sufficient  to  account  for  the  liberation  of  the  impulses  concerned 
in  the  various  voluntary  movements  without  the  assumption  of 
the  existence  of  intercalated  dendraxones.  For  the  present  it 
seems  wise  to  leave  the  question  open.  A  most  favorable  field 
for  work  with  Golgi 's  method  is  here  represented. 

The  whole  conduction  path  from  the  cerebral  cortex  to  the 
muscles,  involving  at  least  two  sets  of  superimposed  neurones,  is 

*  Redlich,  E.  Ueber  die  anatomischen  Folgeerscheneinungen  ausg^ 
dehnter  Ezstirpationen  der  motorischen  Rindencentren  bei  der  Katse. 
J^eurol.  Centralbl.,  Leipz.,  B<1.  xvi  (1897).  S.  818-«82. 
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(FigB.  657  and  658). 

We  owe  to  Gowera  especially  the  recognition  of  the  differences 
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in  the  effects  of  lesions  involving  on  the  one  hand  the  lower 
motor  neurones  and  on  the  other  the  upper  motor  neurones. 
Gowers  described  these  as  (1)  lesions  of  the  lower  motor  segment 
and  (2)  lesions  of  the  upper  motor  segment. 

If  the  lower  motor  neurones  be  seriously  injured  there  results 
the  so-called  flaccid  paralysis.  The  muscles  undergo  rapid  atrophy, 
and  exhibit  the  so-called  electrical  reaction  of  degeneration.  On 
the  application  of  the  galvanic  or  the  farad ic  current  to  the  de- 
generated nerve  there  is  no  response.  But  when  the  muscle  is 
stimulated,  while  there  is  no  response  to  the  faradic  current, 
there  is  a  response  when  the  galvanic  current  is  applied,  which, 
however,  is  not  that  which  normally  occurs.  Instead  of  being 
sharp  and  quick,  the  contraction  is  slow  and  lazy,  and,  in  oppo- 
sition to  the  rule  in  health,  the  anodal  closure  contraction  may 
be  greater  than  that  on  cathodal  closure.  Since  the  reflex  arc  is 
destroyed  when  the  lower  motor  neurones  are  degenerated,  the 
so-called  deep  reflexes  are  in  such  instances  abolished  and  the 
muscular  tension  is  diminished.  The  groups  of  muscles  para- 
lyzed give  the  clew  to  the  localization  of  the  lesion. 

When  the  upper  motor  neurones — for  example,  those  the  ax- 
ones  of  which  correspond  to  the  pyramidal  tract — are  degenerated 
there  is  also  paralysis,  but  of  an  entirely  different  nature.  Instead 
of  the  flaccid,  markedly  atrophic  paralysis  of  the  muscles  with  elec- 
trical reaction  of  degeneration,  there  occurs  the  so-called  spastic 
paralysis,  accompanied,  as  a  rule,  by  no  more  atrophy  in  the 
muscles  than  that  which  would  naturally  follow  disuse.  The 
deep  reflexes  in  such  instances  are  of  course  exaggerated,  and 
the  tension  of  the  muscle  may  be  markedly  increased.  The  dis- 
tribution of  the  paralysis  will  of  course  be  entirely  different  from 
that  which  occurs  with  lesions  of  the  lower  motor  neurones,  and 
the  situation  of  the  lesion  may  be  ascertained  by  careful  consid- 
eration not  only  of  the  nature  and  distribution  of  the  paralysis, 
but  by  a  consideration  of  the  accompanying  phenomena  due  to 
associated  lesions  in  other  nerve  paths.* 

*  Cf.  Section  on  Nervous  Diseases  in  Osier,  W.  Principles  and  Practice 
of  Medicine,  3d  ed.,  New  York  (1898).— Gowers,  W.  R.  A  Manual  of  Diseases 
of  the  Nervous  System.  Philadelphia  (1892).— Mills,  C.  K.  The  Nervous 
System  and  its  Diseases.    Philadelphia  (1898). 


CHAPTER  LXIII. 

INTERMEDIARY   AND   UPPER   MOTOR   NEURONES    (CONTINUED). 

The  frontal  cerebro-corticoponUd  path,  or  fasciculus  pallio-frontalis,  pars 

frontalis. 

3.  ThoM  th«  AxouM  of  wlUeh  Corro^poiid  to  tho  Jnatal  Gor«taro-CottiooinBtil 

Path. 

This  path,  described  by  Flechsig  as  the  frontale  Grosshim- 
rinde-Bruckenbahfiy  is  assumed  by  him  to  arise  in  those  regions 
of  the  cerebral  cortex  which  correspond  to  the  distribution  of 
the  system  of  sensory  fibres  which  he  designates  as  No.  Ill ;  that 
is  to  say,  the  feet  of  the  three  frontal  gyri,  and  possibly  also  the 
middle  portion  of  the  gyrus  fomicatus  (Fig.  659).  The  azones 
from  the  large  pyramidal  cells  of  this  region  of  the  somsesthetic  area 
running  in  the  centrifugal  direction  toward  the  internal  capsule 
become  meduUated  at  a  period  somewhat  later  than  the  fibres  of 
the  pyramidal  tract.  The  fibres  pass  through  the  pars  frontalis 
of  the  capsula  interna  near  the  genu,  pass  through  the  base  of 
the  cerebral  peduncle  medial  to  the  fibres  of  the  pyramidal  tract, 
and,  according  to  Flechsig,  terminate  in  the  nuclei  pontis.  It  is 
Flechsig's  opinion  that  this  frontal  cerebro-corticopontal  path  is 
concerned  with  the  movements  of  bilaterally  innervated  muscles^ 
such  as  those  of  the  eyes,  neck,  and  trunk.  The  motor  impulses 
concerned  in  the  speech  movements  may  also,  he  believes,  be 
carried  by  fibres  of  this  path.  There  is  a  good  deal  of  evidence, 
however,  that  the  speech  path  is  separate  and  distinct  from  the 
frontal  cerebro-corticopontal  path.  By  means  of  neurones 
extending  between  the  nuclei  pontis  and  the  cerebellum  by  way 
of  the  brachium  pontis,  the  frontal  cerebro-corticopontal  path 
throws  the  cerebellum  under  the  influence  of  the  opposite  cere- 
bral hemisphere. 

In  the  pars  basilaris  pontis  the  frontal  cerobro-corticopontal 
path  at  first  occupies  the  dorso-medial  portion  of  the  longitu- 
1040 
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dinal  fibres,  but  in  more  caudal  planes  it  turns  ventralward,  eo 
that  it  comes  to  lie  ventral  and  somewbat  medial  to  the  fibres 


y^fua 


Flo.  esO. — Scheme  of  frontal  ceTebro-corticopontal  path.    Lettering  a«  in  Plate  II. 

of  the  pyramidal  tract  (Fig.  6C0).  This  tract  may  degenerate 
after  lesions  of  the  middle  and  inferior  frontal  gyri,  in  which 
event  the  dorsal  bundle  of  the  anterior  limb  of  the  internal 
capsule  undergoes  secondary  degeneration,  and  the  frontal  cere- 
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Flo.  661. — Secondary  degeneration  following  lesion  in  the  left  middle  and  infe- 
rior frontal  gyri ;  the  degenerated  frontal  cerehro-corticopontal  path  is  shown. 
(After  C.  von  Monakow,  Gehimpathologie,  Wien.  1897,  Figs.  186-188.) 
A.  TransTerse  section  at  the  level  of  the  middle  of  the  thalamus  passing 
through  the  nucleus  hjrpothalamicus  (corpus  Luvsi);  anty  nucleus  anterior 
thalami ;  ci,  capsula  interna;  CL,  nucleus  hypothalamicus  (corpus  Luysi); 
aittf  stratum  reticulatum ;  H.atr,  radiations  from  capsule  of  red  nucleus  (Hm- 
oenstrahlung) ;  Li.  Int,  nucleus  lateralis  thalami ;  Li,  nucleus  lentiformis; 
Liachy  ansa  lenticularis ;  med,  nucleus  mcdialis  thalami ;  med.€L,  degenention 
in  nucleus  medialis  thalami ;  P^.d,  degenerated  fhmtal  cerehro-corticoponlal 
path  ;  Pied.{Pyr.  bahn),  fasciculi  cerebro-spinales  (pyramidalc») ;  «fr,  nucleus 
caudatus;  ventant,  nucleus  ventralis  (anterior)  thalami;  zi^  zona  inoerta; 
BV,  fasciculus  thalamo-mammillaris  Vicq  d'Azyri.  B.  Transverse  section 
through  the  posterior  extremity  of  the  thalamus  and  the  retrolenticuUir 
portion  of  the  capsula  interna;  BA,  brachium  conjunctivum ;  II X,  tractns 
opticus ;  Pyr,  fasciculi  cerebro-spinales  (pyramidales) ;  Fed,  pedunculus  cerp- 
bri,  pars  basilaris ;  RK^  nucleus  ruber ;  Thai,  thalamus ;  vetit,  ventral  group  of 
nuclei  in  the  thalamus.  C.  Transverse  section  through  the  pons  and  junc- 
tion of  the  coUicuIus  superior  with  the  coUiculus  inferior;  BA,  brachium 
conjunctivum ;  Br  A,  brachium  pontis  ;  adi,  lemniscus.  D.  Transverse  sec- 
tion through  the  uppermost  part  of  the  medulla  oblongata  ;  degeneration  no 
longer  demonstrable ;  Br  A,  brachium  pontis  ;  HL,  fasciculus  longitudinalis 
medialis ;  01,  nucleus  olivaris  inferior ;  sdi,  stratum  interolivare  lemni^;] ; 
F/ A',  nucleus  N.  abducentis;  VII,  radix  N.  fiicialis  pars  secunda ;  VJIKf 
nucleus  N.  £Eu:ialis ;  Pyr,  pyramids. 
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bro-corticopontal  path  can  be  followed  into  the  most  medial 
portion  of  the  base  of  the  cerebral  peduncle.  In  such  instances 
the  radiation  of  the  nucleus  medialis  thalami  and  a  portion  of 
that  of  the  nucleus  lateralis  thalami  atrophies,  and  after  a  time 
disappears  (von  Monakow).  An  example  of  degeneration  of  the 
frontal  cerebro-corticopontal  path  is  shown  in  Fig.  661.  This 
bundle,  especially  in  the  base  of  the  cerebral  peduncle,  has  been 
called,  though  improperly,  Arnold's  bundle. 

Zacher*  has  recently  denied  any  connection  between  the 
frontal  lobe  and  the  medial  segment  of  the  base  of  the  cerebral 
peduncle.  In  his  case,  in  which  the  medial  bundle  of  the  pes 
was  degenerated,  the  anterior  portion  of  the  posterior  limb  of  the 
internal  capsule  was  entirely  free  from  degeneration.  He  believes 
that  the  medial  bundle  of  the  pes  has  its  origin  in  all  probability 
from  fibres  which  run  in  at  the  base  of  the  nucleus  lentiforrais  in 
its  posterior  part  from  the  outside.  These  fibres,  he  believes,  in 
part  at  least,  have  their  origin  in  the  island  of  Reil.  Dejerine 
attributes  the  origin  of  the  fibres  to  the  Rolandic  operculum  and 
adjacent  part  of  the  frontal  operculum.  One  of  Spiller's  f  cases 
would  indicate  that  at  least  a  portion  of  the  bundle  has  an  origin 
anterior  to  the  Rolandic  operculum. 

*  Zacher,  T.  Beitrftge  zur  Kenntniss  des  Faserverlaufes  im  Pes  pedunculi 
sowie  ueber  die  corticalen  Beziehungen  des  Corpus  geniculatum  intemam. 
Arch,  f.  Psychiat.  u.  Nervenkr.,  Berl.,  Bd.  xxii  (1890-'91),  S.  654-^98. 

t  Spiller,  W.  G.  A  Contribution  to  the  Study  of  Secondary  Degeneration 
following  Cerebral  Lesions.  Trans.  Am.  Neurol.  Assoc.,  1897,  New  York 
(1898),  pp.  210-228. 


CHAPTER  LXIY. 

INTERMEDIARY   AND   UPPER   MOTOR  NEURONES  (CONTINUED). 

The  temporal  cerebro-corticopontal  path — Paths  from  the  lobus  occipitalis 
to  the  corpora  quadrigemina — Olfactory  reflex  paths. 

4.  ThoM  the  Azonet  of  which  CorrMpoiid  to  the  Temporal  Cerehro-Cozticopontal 

Path. 

These  are  the  neurones  the  medullated  axones  of  which 
occupy  the  most  lateral  segtnent  of  the  base  of  the  cerebral 
peduncle  designated  by  Flechsig  as  the  temporale  Orosshirnrinde' 
Bruckenbahn.  The  bundle  is  usually  called  Tiirck's  bundle, 
quite  improperly  it  would  seem,  since  the  bundle  concerned  is 
separated  by  a  wide  area  from  the  region  found  diseased  by 
Turck  in  hemianaesthesia.*  Flechsig  believes  that  the  cell  bodies 
and  dendrites  which  give  origin  to  the  axones  of  this  path  are 
situated  in  the  auditory  sense  area  of  the  cerebral  cortex  (gyrus 
temporalis  superior  et  gyri  temporales  transversi).  The  axones, 
he  believes,  pass  down  through  the  posterior  portion  (retro-lenti- 
form  portion)  of  the  pars  occipitalis  capsulae  internae  to  the 
lateral  region  of  the  base  of  the  cerebral  peduncle.  Thence  they 
go  into  the  pons  and  end  there  in  some  way  unknown  to  Flech- 
sig, perhaps,  he  suggests,  going  over  directly  into  transverse 
fibres  of  the  pons  or  ending  in  the  nuclei  pontis.  He  is  inclined 
to  think  that,  like  the  frontal  cerebro-corticopontal  path,  this 
temporal  path  represents  a  mode  of  connection  by  way  of  the 
brachium  pontis  of  one  cerebral  hemisphere  with  the  opposite 
cerebellar  hemisphere.  The  fibres  are  medullated  at  a  later 
period  than  the  fibres  of  the  pyramidal  tract. 

Von  Monakow  describes  the  temporal  cerebro-corticopontal 
path  as  occupying,  in  the  cerebral  extremity  of  the  pons,  a  dorso- 
lateral field,  which  it  follows  until  it  becomes  exhausted  in  the 
gray  matter  at  the  caudal  extremity  of  the  pons,  except  that  from 
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the  middle  of  the  pons  on  it  ia  located  exactly  dorsal  to  the 
fibres  of  the  pyramidal  tract.  The  fibres  of  thla  bundle,  like  all 
the  other  fasciculi  loDgitudinales  of  the  purs  baailaria  pontis,  are 
separated  from  one  another  by  fibrse  trauBverste  poutis  and  by  the 
masses  of  gray  matter  which  make  up  the  nnclei  pontis. 


Flu.  682.— Zone  of  Ihp  cprehial  cortoi.  leaion  of  whith  oiusea  dcgeni'tationof  »ll 
the  fibres  of  the  b«uiis  pedunculi.  (Arter  J.  Dcjprin?,  ^rom  A.  ran  GebuchteD'» 
teil-book.)  /,  cortical  centre  for  the  lower  mciiil  and  the  hypoglawaii ;  //. 
cortical  ccntn:  for  tlic  upper  eitrem<t]> ;  III.  cortical  centre  for  the  lower 
extremity ;  IV,  cortieal  centre  for  llip  lateral  bundle  uf  the  basia  peduncoli. 

The  fibres  of  the  temporal  cerebro-corticopontal  path  degen- 
erate in  a  descending  direction  (Zacher,  Kam,  von  Monakow,  and 
Dejerine).  According  to  Uejerine,*  the  bundle  arises  from  the 
whole  temporal  lobe,  but  by  no  means  solely  from  the  gymg 
temporalis  superior.  Indeed,  he  favors  the  view  that  the  fibres 
arise  mainly  in  the  G.  temporalis  medius  and  the  G.  temporalis 
inferior.  Moreover,  Dejerine  asserts  that  the  fibres  on  their  way 
from  the  temporal  lobe  to  the  base  of  the  cerebral  peduncle  do 
not  pass  through  the  capsnla  interna  at  all,  but  instead  go  below 
the  nucleus  lentiformis  to  join  the  other  fibres  which  enter  the 
cerebral  peduncle  in  the  hypothalamic  region.  In  Fig.  «62  is 
reproduced  a  diagram  in  which  is  shown  the  cortical  zone,  which, 
when  destroyed  (according  to  Dejerine),  will  lead  to  complete 
degeneration  of  all  the  fibres  of  the  basis  pedunculi. 

lu   this  connection  a  case  of    the  highest  importance  has 

*  Dejerine,  J.  Sur  I'origine  cortieale  et  le  traj'et  intrnccJnibral  iJes  flhres 
de  I'etage  inferieur  ou  pied  du  pi^oncule  ccrObral,  Compt.  rend.  Soe.  de 
biol..  Par..  9.  s..  t.  v  (1893).  pt.  2,  pp.  183-206. 
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recently  been  carefully  studied  by  Mills  and  Spiller.*  This  case 
makes  it  difficult  to  understand  the  view  of  Flechsig,  for  it 
seems  hard  to  conceive  how  in  such  a  case,  where  there  was  no 
degeneration  in  the  lateral  bundle  of  the  base  of  the  cerebral 
peduncle,  the  fibres  which  form  this  bundle  could  have  their 
origin  in  the  gyrus  temporalis  superior  (Flechsig).  It  seems 
strange  that  the  origin  and  distribution  of  the  axones  of  the 
lateral  bundle  of  the  pes  have  not  been  approached  from  the 
experimental  side.  It  is  not  too  much  to  hope  that  we  shall 
soon  have  data  to  record  in  this  connection.  Ferrier  and  Turner 
have  extirpated  the  gyrus  temporalis  superior  and  have  obtained 
secondary  degeneration  in  the  lateral  bundle  of  the  pes,  thus 
supporting  the  doctrine  of  Flechsig,  though  their  studies  support 
Dejerine  in  part,  in  that  they  find  that  the  fibres  pass  lateral  and 
ventral  to  the  nucleus  lentiformis. 

5.  Thofe  the  Azonet  of  which  (SoniiMt  the  Lohve  Oooipitalii  with  the  Hmelei 

Ooyerning  the  Moyementi  of  the  Eyee. 

Flechsig,  in  his  descriptions  of  the  lateral  bundle  of  the  base 
of  the  cerebral  peduncle,  thinks  it  probable  that  a  certain  num- 
ber of  the  fibres  of  this  bundle  may  arise  in  the  visual  sense  area 
of  the  occipital  lobe.  His  views  are  supported  by  the  embryolog- 
ical  studies  of  von  Bechterew.f  That  there  are  neurones  extend- 
ing between  the  visual  sense  area  in  the  occipital  cortex  and  the 
eye-muscle  nuclei,  or  at  least  the  superior  colliculus  of  the  cor- 
pora quadrigemina,  seems  extremely  probable  from  the  studies  of 
secondary  degeneration  after  animal  experiment  carried  out  by 
von  Monakow  and  the  studies  of  anophthalmia  conducted  by 
his  students.  Excitation  of  the  cortex  of  the  occipital  lobe,  as 
Munk,  Schaefer,  Horsley,  and  others  have  shown,  is  followed  by 
movements  of  the  eyes.     The  results  of  these  researches  render 

*  Mills,  C.  K.,  and  W.  G.  Spiller.  A  Case  of  Cerebral  Abscess  Situated 
at  the  Posterior  Part  of  the  External  Capsule  (involving  the  Medullary 
Substance  of  the  First  Temporal  Convolution,  also  the  Posterior  Part  of  the 
Lenticular  Nucleus,  and  extending  into  the  Subthalamic  Region),  with 
Some  Considerations  in  Regard  to  the  Constitution  of  the  External  Bundles 
of  Fibres  in  the  Cerebral  Peduncle.  Med.  and  Surg.  Reporter,  Phila.,  vol. 
Ixxiv  (1896),  p.  742 ;  also  in  the  J.  Nerv.  and  Ment.  Dis.,  N.  Y.,  vol.  xxiii 
<1896),  pp.  622-628. 

t  von  Beohterew,  W.  Zur  Frage  ueber  die  secundflren  Degenerationen 
des  Hirnschenkels.  Arch.  f.  Psychiat.  u.  Nervenkr.,  Berl.,  Bd.  xix  (1887), 
S.  1-17. 
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it  probable  that  the  giant  pyramidal  cells  of  the  third  cortical 
layer  send  their  axones  through  the  radiatio  occipito-thalamica 
Gratioleti  and  the  brachium  quadrigeminum  superias  to  the 
colliculus  superior  of  the  corpora  quadrigemina  and  the  stratum 
grisenm  centrale  aqueductus  cerebri.  Whether  or  not  any  of 
these  axones  actually  reach  the  nucleus  nervi  oculo-motorii  and 
the  other  eye-muscle  nuclei  directly  is  not  known ;  it  may  be 
that  another  neurone  is  interposed  between  the  terminals  of  the 
occipito-mesencephalic  neurone  and  the  lower  motor  neurones. 
Indeed,  this  is  the  view  which  von  Monakow  is  inclined  to  sup- 
port, and  it  is  quite  in  accord  with  the  prevailing  ideas  with 
regard  to  the  superior  colliculus,  which  is  generally  looked  upon 
as  the  central  organ  for  the  government  of  the  eye-muscle  nuclei 
That  the  fibres  from  the  occipital  cortex  to  the  mesencephalon 
do  actually  pass  through  the  lateral  segment  of  the  cerebral 
peduncle  is  made  very  probable  by  the  studies  of  Zacher.*  He 
believes  that  the  fibres  from  the  occipital  lobe  are  most  laterally 
placed,  those  from  the  temporal  lobe  being  situated  between 
these  and  the  fibres  of  the  pyramidal  tract  The  cases  of  Sioli  f 
and  Winkler  J  make  it  not  impossible  that  some  fibres  from  the 
lobns  parietalis  also  pass  through  the  lateral  segment  of  the  base 
of  the  cerebral  peduncle. 

6.  ThoM  tlM  Azonef  of  whidh  Connect  tt»  Bhinenoephalon  witk  tlie  Lowv 

Xotor  KenronM. 

These  have  already  been  dealt  with  in  connection  with  the 
olfactory  sensory  neurones  of  the  second  and  higher  orders,  to 
which  the  reader  is  referred. 


*  Zacher,  T.  Beitrftge  zur  Kenntniss  des  Paserverlaufes  im  Pes  pedon- 
culi  sowie  ueber  die  corticalen  Beziehungen  des  Corpus  geniculatum  inter- 
num.   Arch.  f.  Psychiat.  u.  Nervenkr.,  BerL,  Bd.  xxii  {1890-*01),  S.  654-G9a 

t  Sioli.  Ueber  die  Fasersysteme  ira  Fuss  des  Grosshimschenkels  und 
Degeneration  derselben.  Centralbl.  f.  Nervenh.,  Leipz.,  Bd.  xi  (1888),  & 
438-441 ;  also  in  Breslau  aerztl.  Ztsch.,  Bd.  x  (1888),  S.  181. 

t  Winkler,  C.  Secundaire  neerdalende  degeneratie  van  den  meest  lateraal 
gelegen  bundel  in  den  pars  pedunculi  cerebri  (Den  bundel  van  Tttrck).  Xe- 
derl.  Tijdschr.  v.  Geneesk.,  Amst.,  2,  R.,  xxii  (1886),  pp.  585-591.  Also  see 
Neurol.  Centralbl.  (1887),  S.  239. 


SUBSECTION  V. 

Projection   Neurones,    Commissural  Neurones,   and 
Association  Neurones  of  the  Telencephalon. 

It  seems  desirable  to  refer  briefly  to  the  main  telencephalic 
neurones  by  themselves.  It  is  customary  to  divide  the  fibres  in 
the  telencephalon  into  projection  fibres,  commissural  fibres,  and 
association  fibres.  The  complexity  of  the  fibres  of  different  sorts 
in  the  gray  matter  of  the  cerebral  cortex  is  well  illustrated  in 
Fig.  663.  Now  that  we  know  that  no  white  fibres  exist  which 
have  not  their  origin  in  cell  bodies — that  is  to  say,  which  are  not 
the  axones  of  neurones — it  seems  more  logical  to  speak  of  projec- 
tion neurones,  commissural  neurones,  and  association  neurones. 


(A)  Projection  Neurones. 
CHAPTER  LXV. 

PROJECTION    NEURONES   OF   THE  TELENCEPHALON. 

Groups   of   projection   neurones — Cerebral  appanages    or  dependencies — 

Phylogenetically  young  parts  of  the  brain. 

By  these  are  understood  the  neurones  which  connect  directly 
the  cortex  of  the  telencephalon  (pallium  and  rhinencephalon) 
with  lower  portions  of  the  nervotis  system.  The  meduUated 
axones  may  pass  in  either  direction — from  the  cortex  to  lower 
centres,  or  from  lower  centres  to  the  cortex.  In  the  former  in- 
stance the  cell  bodies  of  the  neurones  are  situated  in  the  cortex, 
and  the  axones  descend — that  is  to  say,  the  conduction  is  cortico- 
fugal.  In  the  latter  instance  the  cell  bodies  of  the  neurones  are 
situated  in  the  lower  centres,  and  the  axones  ascend  to  terminate 
in  the  cerebral  cortex.  The  latter  are  corticopetal  in  conduc- 
tion. 
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FlO.  663. — Cortex  of  hnmit       ra  u    m      g    h      j^tcn     aud  tileiUMaal 

fibres  (combination  of  the  methodH  of  Wciftfrt  and  Oolgil.  (After  L. 
eten.  Brain.  Lond..  vnl.  xvii,  IBM.)  «.*.,  clear  aone  free  from  nerve 
M.P,.  ExDcr's  plexus  in  the  mnlcculkr  layer;  A-ilr..  ambiguiu  cell  irt 
>'iiA«i.P..BuhinoIecular  plexus;   '"  -»  .    . 

morpbic  plexus ;   IT.,  white  m 


X.P.R,  great  pyramidal  pleina:  Fol.f 
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The  majority  of  these  neurones  have  already  been  described 
in  connection  with  (1)  the  aensory  nenroneB  of  the  higher  order 
and  (2)  the  upper  motor  neurones.  Thus  {a)  the  diencephalo- 
teiencephalic  neuroues  of  the  general  sensory  path,  (b)  the  radia- 
tio  occipito-thalamica  Gratioleti  of  the  visual  conduction  path, 
and  {c)  the  radiatio  corporis  geniculati  medialis  of  the  auditory 
conduction  path  represent  corticopetal  projection  neurones. 
Again,  the  fibres  of  («)  the  pyramidal  tract,  (S)  the  frontal  cere- 


Fio.  eS4.— Sagittal  section  No.  14S.  through  the  brain  of  a  babe  shortly  utter 
birth,  illuntrating  tho  projection  fibreB  to  the  sonunthetic  ares.  Ci..  capgula 
interns ;  G.c.a.,  gyrus  centralis  anterior ;  G.t.p,.  gyniK  tentralis  ponlerior 
l.ob.  front.,  lobus  frontBlis;  Loft,  owip,,  lohus  occipitaliB;  Th.,  thalamun 
r.o.p  tractus  opticus ;  S,  nucleus  Icntifonais ;  7,  corpus  geniculatum  lateiale 
V.I..  ventriculus  Uteralia. 


bro-corticopontal  path,  (c)  the  temporal  cerebro-corticopontal  path, 
and  ((f)  the  fibres  running  from  the  occipital  lobe  to  the  mesen- 
cephalon represent  the  azones  of  corticofugal  projection  neu- 
rones. The  ease  with  which  these  projection  axones  can  be  fol- 
lowed in  the  medulEating  brain  is  well  illustrated  in  Fig.  664. 

If  an  area  of  the  cerebral  cortex  be  extirpated,  especially  in 
the  young  animal,  the  axonea  of  projectiou  neurones,  whether  they 
be  corticopetal  or  corticofugal,  undergo  a  change.  In  the  case 
of  the  corticofugal  axones  secondary  degeneration  with  absorp- 
tion rapidly  takes  place ;  in  the  case  of  the  corticopetal  axones 
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tii^::   ';<^rti<x/peUiJ   l«i«!UcepiiiJic  projfsczioii    fitix«F 

tioii  atftt^r  ^xurynuotx  of  the  jitesii  of  zhe  oorzez  ix.  «£££ 
u^witMA:^  ur^  known  m  ^  censbnd  appasuigeE  ^  or 
\'vfi  M</fmkov  hm  r«3oetitlj  paid  a  gMxi  qcmli  of 
atresMi,  ^Jid  lui»  d«Meribed  tbem  under  the  tesrn  < 


11«  belief v««  tlijit  tber  an;  pLrlogeneiic&IrT  x^oiz&r.  for  ^  c 
uht^ux  iii  lower  forme,  a&od  iBcrease  progreBBrvehr  in  sk-  mac  za 
\i*:f  iti  dir*sf:t  proportion  to  tJie  derelopmem  cif  xhe  ce^^ra 
A<yM/rdiug  to  bis  view,  the  majorhj  <xf  the  xuMuei  of  ^be  ibiiiKi 
aud  geniculate  (xidiefi,  the  sabstastia  nigi^a,  and  paraos§  if  :: 
ciiqx^ra  '^uadrigemiiia  and  of  the  pon£  bekKn^  to  iii»  catesv 
The  various  cerebral  depeudeDcks  ure  of  differpiLi  asca^fr. 
caii  1m^  judgf^  from  pbvlogenetic  stDdiee,  the  oHmeuxrj  <sp 
the  vUual  Keuiae,  aod  hearing  haiing  been  soooeasTelT  denik^ 


(B)  Commisstiral  Neurones. 
CHAPTER  LXVI. 

COMMISSURAL  NEURONES   OF  THE   TELENCEPHALON. 

Heteromeric   telencephalic    neurones — Hecateromeric  neurones — Corpus 
callosum — Commissura  anterior  cerebri — Commissura  hippocampi. 

By  these  are  meant  neurones  with  cell  bodies  situated  in  one 
hemisphere  of  the  telencephalon,  while  their  axones  are  distrib- 
uted in  the  cortex  of  the  opposite  hemisphere.  They  might, 
therefore,  well  be  designated  the  intrinsic  heteromeric  telen- 
cephalic neurones.  Studies  by  Golgi's  method  go  to  show  that 
some  of  the  axones  bifurcate,  one  of  the  limbs  of  bifurcation 
passing  into  the  opposite  hemisphere,  the  other  being  distributed 
in  the  hemisphere  of  the  same  side.  Such  neurones  might  well 
be  called  intrinsic  hecateromeric  telencephalic  neurones. 

The  main  groups  of  neurones  here  to  be  considered  are  (1) 
those  with  axones  corresponding  to  the  medullated  white  fibres 
of  the  corpus  callosum,  (2)  those  with  axones  corresponding  to 
the  fibres  of  the  commissura  anterior  cerebri,  and  (3)  those  with 
axones  corresponding  to  the  commissura  hippocampi. 

1.  ThoM  tlM  Xedullated  Azonef  of  which  oorreipond  to  the  Fihres  of  the  Corpus 

Calloenm. 

The  fibres  of  the  corpus  callosum  represent  the  axones  of  the 
majority  of  the  intrinsic  commissural  neurones  of  the  telen- 
cephalon, and  it  has  been  well  designated  the  commissura  maxi- 
ma. The  main  body  of  this  is  known  as  the  truncus  corporis 
callosi.  The  anterior  border  of  the  truncus  bends  sharply  down- 
ward to  form  the  genu  corporis  callosi.  As  a  result  of  the  curva- 
ture there  arises  a  ventral  horizontal  piece  of  the  corpus  callosum, 
about  two  centimetres  in  length,  which,  on  median  section,  looks 
wedge-shaped.     This  is  the  so-called   rostrum  corporis  callosi. 
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Its  thin,  raedullated,  leaflike  extremity,  extending  backward  to 
the  lamina  terminalis,  is  known  as  the  lamina  rostralis.  At  its 
posterior  border  the  truncus  goes  over  into  the  much-thickened 
splenium  corporis  callosi. 

The  axones  of  which  the  corpus  callosum  is  formed  pass  in  hotb 
directions,  some  going  to  and  some  going  from  each  of  the  cere- 
bral hemispheres.  These  converging  and  diverging  fibres  form 
what  is  known  as  the  radiatio  corporis  callosi ;  that  portion  of  it 
corresponding  to  the  lobus  frontalis  is  known  as  the  pars  fron- 
talis of  the  radiation.     In  the  same  way  there  is  a  pars  parietalia, 


Fig.  665. — Scheme  of  a  transverse  section  through  the  hrain  showing  the  probable 
disposition  of  the  commissural  and  prelection  fibres.  (After  S.  Bam6D  y 
OEoal,  Les  nouvelles  iddes,  etc.,  Azoulay,  Paris,  1894,  p.  60,  Fig.  15.)  A, 
corpus  callosum  ;  B,  commiasura  anterior  cerebri ;  C,  &scicuU  cerebro«piua]es 
(pyramidales) ;  a,  pyramidal  cells  giving  rise  to  axones  of  pyramidal  tract ; 
one  sending  a  limb  of  bifiircation  through  the  corpus  callosum  to  the  opposite 
hemisphere ;  6,  pyramidal  cell  sending  axone  through  corpus  callosum ;  e, 
pyramidal  coll  with  an  axone  which  bifurcates;  one  going  through  the 
corpus  callosum  to  the  opposite  hemisphere,  the  other  being  distributed  to 
the  cortex  of  the  hemisphere  of  the  same  side ;  d,  collaterals  from  callostl 
fibres ;  e,  terminals  of  callosal  fibres. 


a  pars  temporalis,  and  a  pars  occipitalis.  The  tapetnm  is  also 
considered  by  many  to  form  a  portion  of  the  radiation  of  the 
corpus  callosum,  although,  as  has  been  seen  above,  recent  investi- 
gations are  in  opposition  to  this  view. 

The  cell  bodies  which  give  rise  to  the  axones  of  the  corpus 
callosum  are,  Ramon  y  Cajal  believes,  those  of  the  small  or  me- 
dium-sized pyramidal  cells,  or  the  polymorphous  cells  of  the  cere- 
bral cortex.  It  may  be  that  some  of  the  axones  helping  to  form  the 
corpus  callosum  are  collaterals  from  the  axones  of  long  association 
neurones,  or  even  of  the  axones  of  projection  neurones  (Fig.  665). 
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Studies  of  secondary  degeneration  indicate  that  through  the 
corpus  callosum  the  activities  of  a  given  centre  in  the  cerebral 
cortex  of  one  side  are  associated  with  the  activities  of  a  precisely 
similarly  located  cortical  area  in  the  opposite  cerebral  hemi- 
sphere. Hamilton  *  is  of  the  opinion  that  the  fibres  of  the  corpus 
callosum  after  passing  into  the  opposite  hemisphere  do  not  go  out 
to  the  cortex  of  that  hemisphere,  but  pass  directly  downward 
into  the  internal  capsule  and  parts  below.  He  believes,  however, 
that  the  cell  bodies  of  these  axones  are  situated  below,  and  that 
the  fibres  pass  up  through  the  internal  capsule  and  then  through 
the  corpus  callosum  into  the  opposite  hemisphere.  Thus  impulses 
would  pass  along  them  from  the  lower  centres  to  the  higher, 
which  are  of  significance  in  educating  the  motor  cortex — that  is, 
serve  as  a  means  of  conveying  impulses  to  arouse  the  motor  area 
of  the  brain.  This  view  has  not  as  yet  received  the  general  sup- 
port of  neurologists,  and  the  extirpation  experiments  of  Melius, 
Muratow,  and  others  do  not  tend  to  confirm  it.  Ferrier  and 
Turner,  however,  in  a  recent  article  seem  to  support,  in  part  at 
least,  the  hypothesis  of  Hamilton. 

2.  ThoM  tlM  Xedullated  Axohm  of  wbieh  oorrgipond  to  tho  Commiinint  Anterior 

Corolni. 

This  bundle  of  medullated  axones  is  situated  just  in  front  of 
the  columns  fornicis  as  they  plunge  into  the  tuber  cinereum.  It 
is  in  reality  situated  in  the  region  of  the  diencephalon,  but  the 
cell  bodies,  which  give  rise  to  the  axones  which  constitute  it,  are 
situated  in  the  telencephalon,  partly  in  the  rhinencephalon,  partly 
in  the  pallium. 

The  anterior  commissure  can  be  divided  into  two  parts — (1) 
a  pars  anterior  and  (2)  a  pars  posterior  (Fig.  666).  The  pars 
anterior  belongs  apparently  wholly,  or  almost  wholly,  to  the  rhi- 
nencephalon connecting  the  olfactory  cortex  of  one  side  with  that 
of  the  other  side.  It  is  much  larger  in  many  animals,  especially 
in  macrosmatic  mammals,  than  in  man.  The  pars  anterior 
atrophies  in  toto  after  extirpation  of  the  bulbus  olfactorius  on  one 
side  (Ganser),  or  after  extirpation  of  the  lobus  olfactorius  of  one 
side  (A.  Meyer). 

*  HamiltoD,  D.  J.  On  the  Corpus  Callosum  in  the  Adult  Human  Brain. 
J.  Anat.  and  Physiol.,  Lond.,  vol.  xix  (1884-'85),  pp.  885-414.— On  the  Struc- 
ture and  Functional  Significance  of  the  Human  Corpus  Callosum.  [Sum- 
mary], Proc.  Roy.  Soc,  Lond.,  vol.  xxxvi  (1883-84),  p.  349. 
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The  pars  posterior  of  the  anterior  comin 
associate  the  activities  of  a  portion  of  the  t 
basal  I 
lobe  of 
of  aim 
f^  the  opi 

op  men 

Kra  BoWriut.  '  (After  A.  Baaber.  I^hi-       eanisni 
eh  der  AiutMiuie  des  Menaehen.    V.       °       . 
Aua..Bd.ii.LeJin..l8B8.S.3S8.Fig.33e.l       ol   the 

Stands 
to  the  ventral  portion  of  the  spleDinm  coi 
really  morphologically  widely  aepanted  fron 
The  view  is  prevalent  that  the  commissar 
sapptement  to  the  corpus  calloenm,  its  ai( 
terminating  in  areas  of  the  cort«x  nnproTidt 
The  comparative  anatomy  of  the  structure 
Osborn,*  C.  J.  and  C.  L.  Herrick,t  Edingei 
toD,|  and  by  Adolf  Meyer.^ 

•  Osborn,  H.  F.    The  Origin  of  the  Corpus  C> 
upon  the  Cerebral  Commisaores  of  the  VertebnUa> 
Bd.iii(1886-'8T),  8.223:  530. 

r  llerrick.  C.  J.  The  Cerebmm  and  Olfsttories 
ph/3  Virginiana.  J.  Comp.  NeuroL.  CinciDiUkti.  vol. 
Comniisiures  aod  Histolog?  of  Ihe  Teleost  Brain. 
Tii  (I8»l).  S.  e7e-«81.— Additiooal  Not«  on  the  Teh 
Bd.  Tii  ( 1893).  S.  422-431.— The  Callosnm  and  Hipp 
saptai  and  Lower  Brains.  J.  Comp.  NeuroL,  Grai 
171-182.— Also  C.  L.  and  C.  J.  Berrick.  Conlribatio 
the  Brain  ol  Boojr  Fbhea.  J.  Comp.  Neurol..  voL  i 
vol.  ii  <ld92).  pp.  21-T2. 

J  Eldiiiger.  L.  Vergleichend-Entwjckelungsgesr 
mische  Studien  im  Bereich  der  HimaDatomie.  A 
(1893).  S.  305-321. 

■Smith.  6.  E.  Notes  npon  the  Morphology  ol 
Commissures  in  the  Vertebrate  Series.  AnaL  Anz 
91-96.- Morphology  of  the  True  Limbic  Lobe,  Co 
Pellucidnm.  and  Foniii.  J.  Anat  And  PhysJoL,  Lo 
pp.  157:  185:  450. 

I  SvmiDgtoD.  J.  The  Cerebral  Commissnm  in  the 
mmata.    J.  Anat.  and  PhjsioL.  Lond..  voL  isvii  {1 

*  Meyer.  Adolf.  Ceber  das  Vorderbim  einiger  ] 
Leipz.  (1892).  a  1-73.— Znr  Homologie  der  Fornix  c 
tnm  lucidum  bei  den  Reptiliea  ond  SKugem.  A 
(1894--95),  S.  474-482. 
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3.  Those  the  Xedullated  Azonef  of  whioh  eomepond  to  the  Fibres  of  the 

OommUiiira  Hippocampi. 

This  in  man  and  mammals  consists  of  a  bundle  of  medullated 
azones  extending  between  the  crura  fornicis  of  the  two  sides  and 
connecting  the  hippocampi  with  one  another.  Fibres  run  in 
both  directions,  forming  apparently  a  true  commissure,  the  so- 
called  psalterium  or  lyre  of  David.  It  can  be  divided  into  two 
^arts,  one  more  dorsally,  the  other  more  ventrally  located.  This 
is  especially  true  of  the  commissura  hippocampi  of  animals.  The 
axones  probably  have  their  origin  in  the  pyramidal  cells  of  the 
hippocampus. 


(C)    AaaociAtion  NeuroiiAi  of  the  Teli 


I  ' 


CHAPTER  LXVII. 

ASSOCIATION   NEURONES  OF  THE   TELI 

Tautomeric  telencephalic  neurones — Pibrs  propriip— 
_  Fasciculus  occipitfUis  perpendicularis — Fascicn) 
sus  eunei — Faseieulus  occipitalis  trans  versus  g 
proprium   cunei — The   cingnlum — Thr  fasciculi 

rior— The  lasciculus  unc in atus— Association  bi 
The  tApetum. 

These  might  well  be  called  the  iDtrinsic  ta 
alic  neurones.  By  them  is  to  be  understc 
connect  a  portion  of  one  hemisphere  with  an 
same.  These  association  neurones  may  be  di 
with  short  axones  and  (2)  those  with  long  ax 

The  aBSociatioD  nenrones  with  short  axon 
proprife  of  the  cerebral  gyri.*  Some  of  th 
very  late.  In  many  of  the  convolntions  al 
fibres  present  consist  of  these  short  axones. 
are  most  superficial ;  the  longer  ones  pass  dc 
matter.  They  vary  in  direction  correspond 
and  curves  of  the  different  gyri.  They  ar< 
purpose  of  co-ordinating  the  functions  of  nei 

Ramon  y  Cajal  believes  that  the  azonef 
neurones  arise  from  the  polymorphous  cells 
larger  pyramidal  cells  of  the  cerebral  cort 
nnmeroas  collaterals  so  that  the  excitation  c 
rones  can  lead  to  alterations  in  the  neural  act 
neurones  situated  in  various  parts  of  the  i 


•  These  are  the  neurones  the  axones  of  which  « 
•rcuats  by  Arnold  and  as  U-shaped  fibres  bj  Meynf 
the  external  layer  of  tangential  fibres,  the  so-called 
the  super-radial  plexus  of  Edinger  in  the  external  zoi 
as  the  interntdial  plexus  situated  in  the  deeper  portic 
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schematic  representation  of  Ramon  y  Cajal's  views  concerning 
the  association  neurones  is  reproduced  in  Fig.  667. 


Fig.  667. — Scheme  of  an  antero-posterior  section  through  the  cerehrum  showing 
the  disposition  of  the  axones  of  association  neurones  which  connect  the 
lobus  frontalis  with  the  lobus  occipitalis.  (After  S.  Ram6n  y  Cajal.  Les 
nouvelles  idtes,  etc.,  Azoulay,  I^ris,  1894,  p.  59,  Fig.  4.)  o,  6,  c,  pyramidal 
cells ;  d,  terminal  of  an  axone ;  e,  collaterals  of  association  axones ;  /,  fibres 
of  corpus  callosum  cut  transversely. 

1.  ThoM  with  Short  Axohm. 

The  short  association  neurones  have  been  most  carefully 
described,  especially  in  the  occipital  and  frontal  lobes,  by  Wer- 
nicke,* Sachs,t  Vialet,t  and  Dejerine.* 

Among  these  may  be  mentioned  for  the  occipital  lobe : 

(1)  The  stratum  calcarinum  (Fig.  668),  uniting  the  superior 
lip  of  the  calcarine  fissure  to  its  inferior  lip  by  its  shorter  fibres, 
and  the  medial  surface  of  the  cuneus  to  the  inferior  and  medial 
surface  of  the  gyrus  lingualis  by  its  longer  fibres. 

(2)  The  fasciculus  occipitalis  verticalisy  or  perpendicular  is  ^ 
of  Wernicke, II  uniting  the  superior  border  of  the  occipital  lobe 
to  its  inferior  surface.  As  a  matter  of  fact,  it  connects  the  gyri 
occipitales  superiores  with  the  gyri  occipitales  laterales  and  the 

*  Wernicke,  C.  Lehrbuch  der  Gehimkrankheiten  fUr  Aerzte  und  Studi- 
rende.    Kassel  u.  Berlin  (1881-83). 

t  Sachs,  H.  Das  Hemisphftrenmark  des  menschlichen  Grosshims.  I. 
Der  Hinterhauptlappen.  Leipz.  (1892),  p.  81,  4to. — Vortrftge  ueber  Ban  und 
Thfttigkeit  des  Grosshirns  und  die  Lehre  von  der  Aphasie  und  Seelenblind- 
heit  far  Aerzte  und  Studirende.    Breslau,  p.  296,  8yo  (1893). 

X  Vialet,  N.  Les  centres  cer^braux  de  la  vision  et  Tappareil  nerveux  vis- 
uel  intra-cer^bral.  Par.  (1893). — Note  sur  Texistenee  &  la  partie  inferieure 
du  lobe  occipital  d'un  faisceau  d'association  distinct,  le  faisceau  transversale, 
du  lobule  lingual.  Compt.  rend.  Soc.  de  biol.,  Par.,  9.  s.,  t.  y  (1893),  pp.  793- 
795. 

•  Dejerine,  J.    Anatoraie  des  centres  nerveux.     Par.  (1895),  pp.  742-786. 
I  Stratum  proprium  convexit«tis  of  Sachs. 
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gyrus  fusiformis.  Anteriorly  it  exteada  between  the  gyrus  angu- 
l&ris  aud  the  gyrus  temporalis  medius  and  the  gyrus  temporalie 
inferior. 

v. 


Flo,  fles.— Vertical  tmnsverse  sectiuD 

nod  course  of  the  short  aasotiai  ...  .._, ,   .r— . 

Btheiuatic).  (After  J.  EKyeriue,  Aoatoinie  dcs  eeutres  nerveui,  Paris,  ISK. p. 
783,  Fig.  38».)  C,  cuneus ; /or.  fihras  propria  ;  fTI,  GuviculualoaKitadiiulkiB- 
ferior  ;  /I'D I'.  &sciiMilua  oeuipitalis  tranaverHUa  fiyri  lingualis:  ficS.  &srieDlai 
occipitHliH  transvereiu  cunci ;  Fua,  gyruH  fusifbnnis ;  to,  huIcus  oL-ciiutslit: 
K,  flHSura  uilearina:  I^,  gyms  liDgualis ;  Ig,  buIcuh  uf  tcyrus  linEtulii; 
Qi.  fi.  "i,  K7ri  orcipitalea;  Dt.  sulcus  occipitalis;  Or,  faeciculus  occipiBilii 
verticalla ;  ot,  damn  collateralis  ;  ou.  flssura  parietalis  occipitalis  ;  wdg.  gjtB 
profundus  coDiiecting  cuneus  with  the  gyma  fomicatua ;  RTh,  radiatjo  oc- 
cip)lo<thHlBmica  Qr»tiolet>:  iB,  stripe  uf  Baillai^r;  aIrK,  stiatum  nlct- 
rinum  ;  itrjirC,  stratum  proprinm  cunei ;  Tbp,  tapetum  ;  V,  riblmii  of  Vioq 
d'Azyr ;  I  oc,  comu  posterius  ventriculi  lateralis. 

(3)  The  fascimhis  occipitalis  Iransversus  cwnei*   extendi 
from  tbe  superior  lip  of  the  calcarine  fissure  lateralward  and 
*  Stratum  cuDei  trftnarersum  of  Sacbs. 
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then  carves  upward  and  probably  terminates  in  the  cortex  of 
the  convex  surface  of  the  occipital  lobe.  According  to  Sachs, 
some  fibres  go  obliquely  forward  and  lateral  ward  to  the  lobulus 
parietalis  superior  and  the  gyrus  angularis. 

(4)  The  fasciculus  occipitalis  transversus  gyri  lingualis 
of  Sachs  and  Vialet  extends  from  the  inferior  lip  of  the  calcarine 
fissure  (gyrus  lingualis)  lateral  ward  to  the  convexity  of  the  oc- 
cipital lobe  (gyri  occipitales  laterales).  It  is  for  the  inferior  lip 
of  the  calcarine  fissure  what  the  fasciculus  occipitalis  transversus 
cunci  is  for  the  superior  lip  of  the  calcarine  fissure. 

(6)  The  stratum  proprium  cunei  of  Sachs  consists  of  vertical 
fibres  extending  from  the  superior  lip  of  the  calcarine  fissure 
vertically  upward  to  radiate  out  into  the  cortex  near  the  junction 
of  the  medial  with  the  lateral  surface  of  the  hemisphere. 

In  the  frontal  lobe  fewer  distinct  bundles  of  short  association 
fibres  have  been  made  out.  According  to  Dejerine,  the  fibr» 
propriae  of  the  frontal  lobe  are  grouped  around  the  corona  radi- 
ata,  some  extending  transversely  between  the  medial  surface  of 
the  frontal  lobe  and  its  orbital  and  lateral  surfaces,  others  ex- 
tending vertically  and  connecting  the  various  gyri  of  the  lobe 
with  one  another.  Still  other  bundles  assume  a  stigittal  direction, 
especially  those  in  front  of  the  substantia  perforata  anterior. 

Similar  short  association  neurones  have  been  described  in  the 
lobus  temporalis  as  well  as  in  the  insula.  But  thus  far  our 
knowledge  of  these  bundles  is  too  limited  to  make  their  detailed 
consideration  of  profit  in  this  place. 

2.  ThoM  with  Long  Azones. 

The  association  neurones  possessing  long  axones  have  been 
better  studied,  but  the  opinions  of  various  investigators  concern- 
ing them  are  still  markedly  contradictory.  Without  entering  into 
the  various  polemics  the  following  statements  may  be  considered 
to  represent  the  consensus  of  opinion  at  present  regarding  these 
bundles.  Of  the  long  association  neurones  the  most  important 
are  (1)  the  cingulum,  (2)  the  fasciculus  longitudinalis  superior, 
(3)  the  fasciculus  uncinatus  (4),  association  bundles  of  the  for- 
nix, and  (5)  the  tapetum. 

The  cingulum^  belongs,  properly  speaking,  to  the  rhinen- 

*  This  bundle  was  described  under  this  name  by  Burdach.    It  was  called 
the  fornix  periphericus  by  Arnold. 
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cephalon.    The  bundle  extends  in  a  sKgittal  direction  close  totht 
medial  surface  of  tbe  cerebral  hemisphere  in  the  white  matter  of 


Fio.  609. — Facies  medi&lis  h^miaphaerii  Hiaistrl  showliig  the  cingulnm.  the  (ucit- 
ulUB  lotiKitudinalU  inferior,  and  other  bundles  of  assMiation  fibres.  (AHfr 
J.  Dejeiinn,  Anatomie  dfs  (wntnii  nervcni,  Parifl.  18B5.  p.  7G3.  Fig.  374. )  C, 
cuneus ;  Oingfa),  &iiciculn8  anterior  of  the  riiiKulum  ;  Cinf  (k  j,  horiiontal  or 
superior  bundle  of  the  cingulum  ;  Cing(p),  posterior  bundle  of  the  cinmiluin  ; 
«m.  sulcus  cinsuti '.  <™'.  vertical  portion  of  suteus  ciiiRuli ;  Fbi,  bssHi  internal 
fiuviculus  of  Burdach  ;  Fli,  fksciculUB  longitudinalis  inferior:  F<".  Rfrai 
fuBiformia;  H(L).  gyrue  hippocampi ;  K.  fissura  calcnrina  ;  L.  kj-i-uh  rinjipili: 
t-g,  gyrus  linKiialiB ;  i»f.  medial  nuriape  of  gyrus  fronlalis  superior:  ot.  fis- 
sun  collaterslts  ;  Pare,  lobulua  paracentialis  ;  P<"f-  sulcus  in  front  of  lubaliia 
paraccntralia ;  po,  Sssura  parietu-occipilalis  :  PrV,  pfhk'udi.'Us  ;  ao.  sulcus  nib- 
orbiCalis  of  Bruca;  ttrK.  sttatum  calcarinum  ;  7>,  gyrus  temporalis  inferior; 
n.  thalamus. 


the  two  main  parts  of  the  gyrus  fornicatus,  namely,  the  gyrus 
cinguli  and  the  gyrus  hippocampi.  Dejerine  describes  it  as  an 
arcuate  bundle  which  turns  around  the  rostrum,  genu,  trun- 
CU8  and  aplenium  of  the  corpus  callosum.  At  the  isthmus  gyri 
fornicati  it  goes  into  the  depth  to  enter  the  gyrus  hippocampi, 
through  which  it  extends  toward  the  uncus.  The  bundle,  how- 
erer,  is  not  made  up  of  axones  which  extend  the  whole  length 
of  the  cingulum,  but  of  a  great  number  of  shorter  axones 
which  are  ever  entering  and  leaving  the  bundle.     According  to 
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Beevor,*  it  consists  of  three  independent  fasciculi — one  anterior, 
a  second  horizontal,  and  a  third  posterior  (Fig.  669).  The  ante- 
rior bundle,  he  believes,  connects  the  substantia  perforata  ante- 
rior, and  especially  the  region  of  the  termination  of  the  medial 
olfactory  stria,  with  the  anterior  extremity  of  the  frontal  lobe. 
The  horizontal  fasciculus  extends  between  the  medial  lateral  sur- 
face of  the  frontal  lobe  and  the. gyrus  cinguli,  while  the  posterior 
fasciculus  situated  chiefly  in  the  gyrus  hippocampi  connects  this 
gyrus  with  the  gyrus  lingualis,  gyrus  fusiformis,  and  the  cortex 
of  the  polus  temporalis.  The  cingulum  in  the  developing  brain 
is  shown  in  Fig.  670. 
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Fig.  670. — Marchi  preparation  showing  degeneration  in  dog*8  brain  after  destrnc- 
tion  of  the  lobus  frontalis.  (After  Shukowski,  taken  from  W.  von  Bechterew, 
Die  Leitungsbahnen  im  Gehini  und  Riickcnmark,  Deutech  von  R.  Weinberg, 
II.  Aufl.,  Leipz.,  1899,  8.  568,  Fig.  535.)  ca,  commissura  anterior  cerebri  con- 
taining degenerated  fibres,  which  on  the  left  sii^'c  go  over  into  the  external 
capsule  ;  ce,  capsula  externa  ;  ri,  capsula  interna  i  markedly  degenerated  ;  /en, 
cingulum ;  ^,  fornix  longus  on  its  way  through  the  corpus  callosum ;  /«e, 
fiEMciculus  subcallosus ;  »S^,  fornix  fibres  in  the  septum. 

^\i^  fascicuhis  longitudinalis  super ior^^  triangular  in  coronal 
sections  of  the  brain,  extends  as  a  curved  bundle  in  a  sagittal 

*  Beevor,  C.  E.  On  the  Course  of  the  Fibres  of  the  Cingulum  and  the 
Posterior  Parts  of  the  Corpus  Callosum  and  Fornix  in  the  Marmoset  Monkey. 
Phil.  Trans.  Roy.  Soc,  1891,  Lond.  (1892),  vol.  clxxxii  (B.),  pp.  135-199. 

f  Fasciculus  arcuatus  of  Burdach. 
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direction,  apparently  between  the  frontal   lobe 
lobe  (Fig.  671).    The  cell  bodies  of  the  neurones,  \ 
to  the  axones  which  constitute  it,  have  not  been 


the 
rhidi  pnm 
weUloa&K 


Fio.  871.--lAtoiiil  sarfioce  of  the  left  cerebral  hemisphere.  The  ed^es  of  tbrfh 
sura  cerebri  lateralis  (8ylvii)  have  been  remoTed,  and  the  gyri  pollrd  a^ 
to  show  tlio  insular  and  retroinsnlar  region.  The  fiisciculus  nndnatiB.  tk 
fitsciculns  longitudinalis  soperior.  and  uie  fasciculus  oc-eipi talis  verdolEiR 
seen  in  transparency.  (Attcr  J.  Dejerine,  Anatamie  di's  centivs  imwi. 
Paris,  1885,  D.  757,  Fig.  377.)  Are,  fasciculus  lonj^tndinalis  superior:  F,.h 
gyrus  frontalis  medius  and  gyrus  frontalis  inferior ;  fu  solctis  frontalis  isir- 
nor;  /t,  sulci  orbitales;  F%{C),  gyrus  frontalis  inferior,  pan  trian^hm: 
Fa,  gyrus  centralis  anterior ;  f\i,  fasciculus  uncinatns ;.  la^  Ip,  gyji  inaiik: 
t|9,  sulcus  interparit^talis ;  ma,  mp,  mf,  sulcus  cireularis  Reili  :  <>i.  0%,  grh  «r 
cipitales;  oa,  sulcus  occipitalis  anterior  of  Wernicke  :  oF'm^  oFt^oF».  vAi^ 
portion  of  frontal  gyri  ;  OpR,  o^'rculum,  para  frontaJis ;  OpPti  opemlia 
pars  parietalis  ;  Or.  fasciculus  occipitalis  verticalif* ;  Pi.  lobalus  iMrietalisflf^ 
rior:  Pt,lobnlus  parietalis  inferior;  Ai,  gyrus  centralis  poosterior :  /V.  uyra 
anijfularis  ;  Ppo,  fissura  parieto-occipitalis  ;  por,  portion  of  sulcus  inter|ai«- 
talis  b(>hind  the  upper  part  of  the  gyrus  centralis  posterior ;  pri,  sains  fot- 
(M>ntrUiM ;  R,  sulcus  centralis  Rolandi ;  S{a  I,  ^(r),  anterior  and  vertxal  naw. 
anterior  horizontalis,  and  ramus  anterior  ascendens  of  fissura  c«.'febri  htri^ 
(Sylvii  I ;  Tu  gyrus  temporalis  superior;  Tj,  gyrus  temporalis  mediiK:  «i.«^ 
cus  temporalis  superior;  f,f,  vertical  rami  of  the  sulcus  temporalis  layr- 
rior;  Tp,  gyri  temporales  transverei ;   J'S,  fossa  cerebri  lateialK  Sylvii . 

It  would  appear  that  the  axones  of  the  bundle  are  of  vambie 
length,  the  majority  of  them  not  running  through  the  wboie 
extent  of  the  fasciculus,  but,  as  with  so  many  of  the  assodstioB 
bundles,  axones  are  ever  entering  and  leaTing  this  fascicida. 
Among  the  axones  in  it  are  doubtless  some  extending  betveei 
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the  gyrus  temporalis  superior  and  the  inferior  frontal  gyrus. 
This  bundle  on  the  left  side  is  therefore,  in  all  probability,  of  the 
highest  importance  in  connection  with  the  functions  of  speech, 
since  in  the  gyrus  temporalis  superior  is  located  the  centre  for 
word  memories,  while  in  Ihe  gyrus  frontalis  inferior  is  situated 
the  centre  for  memories  of  the  movements  concerned  in  the  ar- 
ticulation of  words  (Broca's  centre).  It  is  highly  probable  that 
axones  run  in  both  directions  in  the  fasciculus  longitudinalis 
superior. 

The  fasciculus  longitudinalis  inferior*  is  usually  described 
as  extending  between  the  lobus  occipitalis  and  the  lobus  tempo- 
ralis. It  runs  for  a  large  part  of  its  course  close  to  the  radiatio 
occipito-thalamica  Gratioleti,  but  can,  as  a  rule,  be  easily  distin- 
guished from  the  latter  (Fig.  672).  In  it,  too,  in  all  probability, 
are  axones  running  in  both  directions ;  in  the  one  case  the  cell 
bodies  of  the  neurones  to  which  these  axones  belong  are  situated 
in  the  occipital  lobe ;  in  the  other  the  cell  bodies  are  situated  in 
the  more  anterior  parts  of  the  brain.  The  majority  of  the  ax- 
ones, however,  appear  to  have  an  occipitofugal  direction.  It  is 
believed  by  the  majority  of  investigators  that  a  great  many  of 
these  axones  terminate  in  the  temporal  lobe,  especially  in  the  gy- 
rus temporalis  superior,  and  the  idea  at  once  arises  that  this  bun- 
dle is  the  one  concerned  in  connecting  the  visual  sense  area  of 
the  occipital  cortex  with  the  auditory  sense  area  of  the  temporal 
cortex.  These  arejis  are  undoubtedly  connected,  directly  or  in- 
directl}',  by  means  of  association  neurones.  That  the  fasciculus 
longitudinalis  inferior  is,  however,  the  bundle  concerned  is  by  no 
means  definitely  proved.  The  difficulty  lies  in  the  fact  that  in 
the  anterior  part  of  its  course  it  is  extremely  difficult  to  differen- 
tiate fibres  which  belong  to  it  from  other  fibres  which  are  adja- 
cent to  it  or  even  mixed  up  with  it — for  example,  the  medullated 
axones  from  the  corpus  geniculatum  mediale  and  many  of  the 
cortipetal  axones  from  tlie  nuclei  of  the  thalamus.  Flechsig  ap- 
parently denies  a  connection  of  the  fasciculus  longitudinalis  in- 
ferior with  the  temporal  lobe ;  indeed,  he  inclines  to  the  view 
that  much  of  this  bundle  consists  of  the  medullated  axones  of 
projection  neurones.  The  majority  of  investigators,  however, 
insist  upon  the  connection  above  described,  and  attribute  many 


♦  Stratum    sagittale    externum   (Sachs) :    faisceau    settsiti/    (Charcot, 
Ballet). 


TBE  XBBVOUS  SYSTEM, 


at  the  Tignal  diatnrbuices  accompuiying  apluuic 
rnption  of  the  fibres  of  thU  pKth. 


pi  talis,  the  1 


Mgh  thr  pnetpiiiH-  fan  of  *« 
wunralc«riiut.etr.  Mrtkadrf 
.  18K.  ^  » 


Fio.  «72.— Vertiral  tmuvene  nfrti 
prgcnnem,  the  fiflsurm  pHripto-« 

WeiKErt.     (AfUr  J.  Dejerinf.   ._  .. 

Fig.  3»4.  >  Fli,  taariculiu  limfcitudinmlu  infrrior;  Fm.  riirnii 
fiuwicDlua  traiuvcnuis  cnnpi ;  F*t.  Itynu  fosifomiis ;  >a.  aolnu  ocritiiBliF;  v. 
nIciM  interparit'lalis ;  A'  fiwan  calcBriam  ;  /4.  ftTros  lingulis ;  OL  O*.  cT" 
occipitales :  o^  sulciu  occipitalis ;  oa'.  inrimrp  of  tbr  sDlm^  orripilBtB  ■•- 


occipitalis:       ...  

^r  of  Wprairkr:  of,  sulcus  rolUtfcatiii ;    P,.  lobaliu  parii. 

Pc,  icynu  auKulariH ;  po,  flsHura  parivlo-accipitalU ;  PrC,  ptkt^ih 
ndutioorcipito-tlulunica  Gratioitrti:  Tbp.  tapetnra :  Koc,  camD 
vcDtriculi  lah-raiis. 


;  «7V 


The/(i«ci'cu{H«  un(rtna/u«  is  a  bundle  of  roedallatcd  uowa 
which  extends  between  the  nncns  and  the  basal  portions  of  the 
frontal  lobe.  It  would  appear  to  be  an  associatioQ  bnodle  belong- 
ing to  the  rhinencephalon,  connecting  as  it  does  the  temporal 
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the  gyrus  temporalis  superior  and  the  inferior  frontal  gyrus* 
This  bundle  on  the  left  side  is  therefore,  in  all  probability,  of  the 
highest  importance  in  connection  with  the  functions  of  speech, 
since  in  the  gyrus  temporalis  superior  is  located  the  centre  for 
word  memories,  while  in  Ihe  gyrus  frontalis  inferior  is  situated 
the  centre  for  memories  of  the  movements  concerned  in  the  ar- 
ticulation of  words  (Broca's  centre).  It  is  highly  probable  that 
axones  run  in  both  directions  in  the  fasciculus  longitudinalis 
superior. 

The  fasciculus  longitudinalis  inferior  *  is  usually  described 
as  extending  between  the  lobus  occipitalis  and  the  lobus  tempo- 
ralis. It  runs  for  a  large  part  of  its  course  close  to  the  radiatio 
occipito-thalamica  Gratioleti,  but  can,  as  a  rule,  be  easily  distin- 
guished from  the  latter  (Fig.  672).  In  it,  too,  in  all  probability, 
are  axones  running  in  both  directions ;  in  the  one  case  the  cell 
bodies  of  the  neurones  to  which  these  axones  belong  are  situated 
in  the  occipital  lobe ;  in  the  other  the  cell  bodies  are  situated  in 
the  more  anterior  parts  of  the  brain.  The  majority  of  the  ax- 
ones, however,  appear  to  have  an  occipitofugal  direction.  It  is 
believed  by  the  majority  of  investigators  that  a  great  many  of 
these  axones  terminate  in  the  temporal  lobe,  especially  in  the  gy- 
rus temporalis  superior,  and  the  idea  at  once  arises  that  this  bun- 
dle is  the  one  concerned  in  connecting  the  visual  sense  area  of 
the  occipital  cortex  with  the  auditory  sense  area  of  the  temporal 
cortex.  These  areas  are  undoubtedly  connected,  directly  or  in- 
directly, by  means  of  association  neurones.  That  the  fasciculus 
longitudinalis  inferior  is,  however,  the  bundle  concerned  is  by  no 
means  definitely  proved.  The  difficulty  lies  in  the  fact  that  in 
the  anterior  part  of  its  course  it  is  extremely  difficult  to  differen- 
tiate fibres  which  belong  to  it  from  other  fibres  which  are  adja- 
cent to  it  or  even  mixed  up  with  it — for  example,  the  medullated 
axones  from  the  corpus  geniculatum  mediale  and  many  of  the 
cortipetal  axones  from  the  nuclei  of  the  thalamus.  Flechsig  ap- 
parently denies  a  connection  of  the  fasciculus  longitudinalis  in- 
ferior with  the  temporal  lobe ;  indeed,  he  inclines  to  the  view 
that  much  of  this  bundle  consists  of  the  medullated  axones  of 
projection  neurones.  The  majority  of  investigators,  however, 
insist  upon  the  connection  above  described,  and  attribute  many 


*  Stratum    sagittale    externum   (Sachs) ;    faisceau    sensiii/    (Charcot^ 
Ballet). 
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temal  capsule.  He  prefers,  therefore,  to  describe  it  as  the  /m- 
ciculug  occipito-frontalis,  identifying  it  with  the  bundle  de- 
scribed b;  Meynert  as  tbe  radiation  of  the  nacleus  caudatus  and 


Flo.  «7B. — Two  vertical  transversp  sections  trtaa  >  <*rebnil  hemisphere,  with 
Mtenesig  of  the  corpus  calloaum.  i  Ktler  Forcl  und  Onufrowici.  from  J. 
Dejerine's  textbook.)  A,  fteetlnn  pnairiiiit  through  piilvinar  or  optir  (hai- 
mmoB.  B.  Section  abont  20  mm.  fbrthrr  back.  A.  Alv.  *1vguh  ;  rA.  hippo- 
campUH  (comu  ammonixt ;  Cg.  fitwiii  dcntata  hippocampi :  ITze.  corpiw  gta\- 
ciilntum  latemle;  Ctrl,  n-'trolrnticiilnr  purtinn  at  capMlla  intpma:  At, 
divcrti(M]|iimof  thedubiciilam',  Ee.eAge  of  cerebral  corlci :  Fli.  fuHcicnliu 
longitudinal ia  inferior;  H.  g^ms  hippocampi;  k.  flnnira  bipporampi :  Li, 
gyrus  cinirali :  AV.  nucleus  vaudatan ;  W,  rauda  iioclei  rsudati ;  .VL*. 
putamen  ;  OF.  GwcicuIiiHoccipito-frDDtslisof  Porelnnd  nnufrnwicz;  of,  tlnsarm 
collateral  is ;  Ac/,  pulvirar;  TJj,  corpus  fomieis;  7^.  flmhria  hippocampi :  71. 
ventriculna  lateraliK ;  Ftpt.  rorou  ioferiua  ventriciili  lateralis.  B.  C.  cuncm; 
En.  oilcaravia;  Fti.  fiisticulna  lonfritudinalia  inferior  ;  K.  fiwrara  calrarina; 
nfl  Thp),  haciculuB  occipito-frontalis  of  Foiel  and  Onuf^wicK,  fnnninji  the 
lapetiim  of  tbe  comu  poiteriun ;  po,  flssura  parieto-oecipitalis '  RTK  ndhUJo 
occipito-thalamiai  Gretioleti :   Vor.  eomu  posterijis  Tcntricnli  lateniliii. 
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with  the  bundle  described  by  Wernicke  as  the  bundle  from  the 
corpus  callosum  to  the  internal  capsnle  (Fig-  674).*  It  ia  Deje- 
rine's  opinion  that  the  bundle  arises  in  the  whole  cortex  of  the 
lobuB  frontalis.     Behind,  after  passing  through  the   tapetum, 


ak    %' 


coroiui  mdiAla  dta)e(-ti?il  out.  Thn  prenmBtion  shows  the  inferior  wall  of  the 
upper  part  of  the  lateral  ventricle  and  the  ronf  of  the  comu  posterjiis  and 
cumu  inferius.  Partlj  Bcbenuitic.  (After  J,  Dcjerino.  A  natoniie  dog  centres 
nerreui.  Paris,  ISW.  p.  7S3.  Fig.  381.)  nf^.  corpna  Rpniculutam  laterals ; 
(Jgi,  corpaa  geniculaCum  medial  i^ ;  con,  commiasura  anterior  cerebri;  Fu, 
fasciculuH  anciDatus  ;  Oh,  nueleus  habeniilie  ;  fi'A,  nuclunn  umyRdalie  ;  Na, 
nucleus  anterior  tlialami :   NC,  caput  nuclei  caudati ;  NC,  cauda  nuclei 


of  corona  radiata ;  Put,  pulvluar;  ich,  fianura  cliurioldea;  Tga,  t 
fonucia:  TA,  tlialamns;  r/il  T,).  part  of  thalamus  pnyecting  into  third  ven- 
tricle i  tic(lci,  taenia  Bemicircularis.  some  Bbns  of  which  an:  situated  in  tlio 
lamina  eornca :  ith,  tsenia  thalami ;  //,  tractua  opticus. 

these  fibres  are  distributed  to  the  lateral  surface  and  inferior 
border  of  the  lobus  occipitalis.  It  is  stated  that  the  tapetum 
does  not  degenerate  after  oxperimental  section  of  the  corpus  cal- 
losum,  while  it  does  degenerate  after  lesions  of  the  cortex  of  the 
frontal  lobe  (Muratow). 


*  BalhtnbOtutei  K 


n  Kapitl  (Weroicke). 


CHAPTER   LXVm. 


A33OCIAT10S  HEUEONES  OP  THE  TELENCEPBA 


Localization  of  asgociation  neurones  in  the  cerebral  ct 
elation  centres — The  so-called  silent  areas  of  th« 
association  centres — Functions  of  sense  centre) 
ciation  centre — The  large  posterior  association 
Flechsig's  work — Studies  of  von  Monakow,  Sac! 


The  exact  localization  of  the  association  n< 
bral  cort«s  is  a  topic  attracting  an  ever-inc 
attention.  While  it  seems  almost  certain  tha 
tion  neurones  situated  in  every  portion  of  t! 
much  reason  to  believe  that  certain  areas  of 
almost  entirely  of  such  association  neurones, 
the  researches  of  Flechsig  are  worthy  of  especi 
is  Fiechsig's  belief  that  the  areas  of  the  cort« 
tion  neurones  play  a  part  in  the  architecture  a 
ited  in  extent  than  we  have  been  accustomed  t 

Flechsig  has  traced  by  means  of  the  eml 
the  various  bundles  of  the  axones  of  corticope 
rones  to  their  terminal  stations  in  the  cortex,  i 
the  course  of  the  bundles  of  meduilated  axo: 
(motor)  projection  neurones  from  their  origi 
their  lower  end  stations,  a  process  rendered 
by  the  fact  that  the  various  bundles  become  nt 
ent  periods  of  antenatal  and  postnatal  developi 

The  best  articles  in  regard  to  the  quantitat 
fibres  of  the  cortex  are  those  of  Kaes.* 

*  Kaes,  T.    Beitrfi^  zur  Kenntniss  des  Reichthui 
des  Menschen  an  markhaltigen  Nervenfasem.     Arc 
Bd.  xiT  (18S3).  S.  695-TS8.— Ueber  dea  Faaerreichthun 
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But  even  when  all  the  sense  areas  and  motor  areas  of  the 
cortex,  extensive  as  they  are,  have  become  meduUated,  only  about 
one  third  of  the  surface  of  the  cerebrum  has  been  involved.  The 
individual  sense  areas  are  isolated,  not  touching  one  another 
directly.  They  are  separated  by  regions  which  have  no  direct 
connection,  at  any  rate  at  this  stage  of  development,  with  the  cen- 
tres below  or  with  the  periphery  of  the  body.  It  will  have  been 
noticed  that  the  somaBsthetic  area,  that  portion  of  the  cortex  at 
which  bodily  sensory  impulses  arrive,  includes  within  it  what  has 
usually  been  described  as  the  motor  zone  of  the  cortex.  In  all 
probability  also  from  the  visual,  from  the  auditory,  and  from  the 
olfactory  sense  areas,  corticofugal,  probably  motor,  conductions 
also  go  out. 

As  far  as  Flechsig  has  been  able  to  make  out,  all  or  very 
nearly  all  of  the  projection  fibres  of  the  cerebrum  are  accounted 
for  when  the  corticofugal  and  corticopetal  paths  of  the  differ- 
ent sensory- motor  areas,  as  outlined  by  him,  are  summed  up. 
But  nearly  two  thirds  of  the  whole  of  the  cortex  yet  remains  to 
be  accounted  for.  What  is  the  significance,  then,  of  the  regions 
which  are  not  provided  with  projection  fibres?  The  studies  of 
Flechsig  have  thrown  these  portions,  which  in  large  part  corre- 
spond to  what  we  have  been  accustomed  to  call  the  "  silent  areas '' 
of  the  cerebral  cortex,  into  bold  relief.  His  anatomical  investi- 
gations, especially  when  their  results  are  compared  with  the  find- 
ings of  pathological  anatomy  in  cases  which  have  been  carefully 
studied  clinically,  indicate  that,  these  hitherto  insufficiently  ex- 
plored regions  possess  functions  of  the  greatest  importance  and 
interest.* 

If  the  limits  described  for  the  different  sense  areas  be  recalled 
it  will  be  seen  that  the  regions  left  over  include  in  the  frontal  lobe 
the  anterior  portions  of  the  superior  and  middle  frontal  convolu- 
tion, portions  of  the  inferior  frontal  convolution,  and  the  gyrus 

schen  Schicht  sowie  ueber  vergleichende  Messungen  der  gesammten  Him- 
rinde  und  deren  einzelner  Schichten.  Neurol.  CentralbL,  Leipz.,  Bd.  xii 
(1898)i  S.  lld-122. — Ueber  die  markhaltigen  Nerrenfasem  in  der  Grosshirn- 
rinde  des  Menschen.    Und.,  Bd.  xiii  (1894),  S.  410-412. 

*  Thomas,  speaking  in  this  connection,  says :  **  Flechsig^s  association  cen- 
tres are  what  have  been  called  the  silent  areas  of  the  brain ;  but  we  are 
forced  to  believe  that  they  are  silent,  not  because  they  do  not  speak,  but  be- 
cause we  are  too  dull  of  understanding  to  hear  what  they  say."  Cf.  Thomas, 
H.  M.,  and  Keen,  W.  W.  A  Successful  Case  of  Removal  of  a  Large  Brain 
Tnmor,  etc.     Am.  J.  M.  Sc.,  Phila.,  n.  s.,  vol.  cxii  (1896),  pp.  508-522. 


I.u^i  THE  SEETi-.iint  *7^irinCML 

RKS^u* :  f irr^-uer.  xiw^  ^nas^it  pare  1/  ae    iiImiii    mi  2idL  -^ 
iwr  VLri  72.f*:rjir  jaevri'-ai    ^yonues.  aw  ^monclit*  ^Bt   ^"fa* 

j^rw  fiitifivrm,-*-  ZTrii* 


lobe  tirrt  incltidtrd  in  the  lisiial  aeiue  am.  In  ih«  djaeraa  :;ic« 
nflationx  »n  i>hown  Terr  clearly  (Frgs.  615  and  ST-^t.  TW  ^na 
arean  are  dotted,  the  n^ona  in  which  the  majoritr  <A  tfe  kb«p 
fibreti  terminate  heing  closely  Btndded  with  dot&,  «lui«  m  brt«fa 
the  different  seiMe  areaa  the  Urge  nndotted  regions  comspoai  9 
the  portions  of  the  conei  entirely  devoid  of  projectioQ  fifans. « 
ftt  most  prorified  with  extremely  few  of  SDch  fibrea.  Ai  tx 
periphery  of  each  iiense  area  is  a  marginal  zone  in  which  in- 
jection fihreM  are  less  thickly  distributed. 

The  white  matter  corresponding  to  all  the  cortical  nf:ioo<  be- 
tween the  Henae  areas,  with  the  exception,  perhaps,  of  that  beaean 
the  angular  gyrus,  becomes  mednllated  considerably  later  ihu 
that  of  the  sense  centres,  so  that,  even  in  children  three  moochi 
old,  the  former  are  sharply  diatingnishable  from  the  latter  bv  ibtix 
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poverty  in  myelin.  FlechBig  finds,  however,  that  medullated  paths 
gradaally  grovr  out  from  the  sense  centres  into  these  non-medul- 
lated  regions.  Further,  between  the  individual  gyri  of  the  non- 
medullated  regions,  bands  of  association  fibres  gradually  ripen,  con- 
necting the  individual  gyri  with  others  near  them  and  also  with  gyri 
at  a  distance.  By  means  of  the  corpus  callosum  the  gyri  in  one 
hemisphere  are  connected  with  those  of  the  opposite  hemisphere. 
Fleehaig,  on  account  of  the  marked  predominance  of  association 
systems  in  these  areas,  has  designated  them  "  association  centres 
of  the  cerebral  cortex."  *    He  does  not,  as  did  Meynert,  believe 


Fio.  tn. — View  of  the  meiliitl  siirfaco  of  the  left  cerebral  hemisphere,  ghnwing 

BGiiw  centns  and  a«iiici»tinn  centreH.  (AftiT  P,  FlechiUB,  Gehirn  DDd  SSeele, 
II.  Aufl,,  Leipz.,  1896.  Taf,  iv,  Fig.  8.)  I.  corpus  mummillarc ;  S,  tnedtan 
section  of  ehiaamB  opticiim :  S,  commissuis  anterior  cerebri :  i,  colliciilns 
superior;  5.  corpus  tsllosum ;  6,  romii ;  7.  septum  pullueiduiu ;  2,  cnrpux 
pinesic  ;  IIS,  tegmentum  ;  T,  basis  pcduncull. 

that  the  individual  sense  centres  are  connected  directly  with  one 
another,  but  thinks  that,  on  the  contrary,  they  are  connected 
rather  indirectly  by  means  of  the  association  centres.    The  lat- 

*  It  isBurprisiDg  to  find  how  closely  msnjof  the  views  receotl;  expressed 
b;  Plechsig  accord  with  some  of  tba  doctrines  promulgated  bj  the  English 
neurologist  Broad  bent. 
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ter,  receiviDg  conduction  fibres  from  adjacei 
from  adjacent  as  wetl  as  distant  association 
anatomical  meclianism  which  makes  possible  t 
higher  units  of  simple  sense  impressions  and 
simple  sense  impressions  of  the  same  qualil 
qualities.  Thus  Flechsig  denies  the  functior 
to  the  so-called  fasciculus  longitudinal  is  ini 
make  it  a  system  associating  directly  two  sen 
another.  He  thinks  that,  on  the  contrary, 
different  significance,  which,  however,  I  shall 
time. 

The  position  of  the  individual  areas  of  a 
throws  some  light  upon  the  functions  which  I 
675  and  676).  Thus  the  large  region  which 
as  the  posterior  large  association  centre  and 
precuneus,  all  the  parietal  gyri  except  the  posi 
part  of  the  gyrus  lingualis,  the  fusiform  gyi 
and  inferior  temporal  gyri,  as  well  as  ali  porti 
gyri  not  concerned  in  the  visual  sense  area,  is  si 
visual,  the  someesthetic,  and  the  auditory  sense 
of  Reii  is  surrounded  by  the  somiesthetic  area 
and  the  olfactory  area,  and  into  it  run  bands 
sense  areas,  so  that  it,  Flechsig  thinks,  is  pn 
the  middle  association  centre.  The  main  po 
lobe,  Flechsig's  anterior  association  centre,  is  ^ 
nected  with  the  somiesthetic  area,  and  with 
area.* 

While  the  anatomical  evidence  which  Fl 
forward  would  seem  to  be  sufficient  to  tndi 
essential  nature  of  the  functions  of  the  diffei 
cortex  described,  there  has  been  already  colle 
ical  and  pathological  data  which,  when  roviei 
the  newer  anatomical  knowledge,  affords  coi 
his  views.  Lesiona  involving  the  sense  centr 
train  of  symptons  of  an  entirely  different  cY 
which  accompany  lesions  of  the  association 
be  clear  if  certain  familiar  examples  he  rec 

*  As  Flechsig  remarks,  however,  it  is  not  probal 
conRned  to  th.e  association  of  olfactory  impressions 
tell  us  about  the  condition  ot  our  bodies,  for  the  o)fi 
relatively  little  developed,  while  the  frontal  lobe  is  di 
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dence  goes  to  show  that  the  phenomena  of  sharp,  clean-cut  sen- 
sations as  they  appear  in  consciousness  have  their  origin  in  the 
sense  centres.  As  a  result  of  a  lesion  of  a  given  sense  centre  this 
sharpness  of  sensation  for  the  particular  sense  quality  concerned 
disappeai's.  If  the  visual  area  on  both  sides  of  the  brain  be  de- 
stroyed, the  patient  no  longer  sees.  He  may  occasionally  believe 
that  he  still  possesses  visual  sensation,  but  on  closer  examination 
it  will  be  found  that  the  picture  in  his  consciousness  is  a  memory- 
picture,  not  a  perception.  Patients  suffering  from  double-sided 
destruction  of  the  auditory  sense  area  are  absolutely  deaf,*  and 
it  is  to  be  imagined  that  if  both  somsesthetic  areas  were  entirely 
destroyed  the  individual  would,  if  he  continued  to  live  at  all,  be 
deprived  of  sensations  informing  him  of  the  condition  of  his 
body,  of  the  skin,  and  of  the  viscera-f  Injury  to  the  central  gyri 
on  the  left  side  about  their  middle  has  been  followed  by  loss  of 
power  to  recognize  correctly  the  form  of  a  given  object  when  the 
right  hand  alone  has  been  used  to  feel  it.  Irritation  of  the  pos- 
terior central  gyrus  may  lead  an  individual  to  believe  that  he 
experiences  movements  of  his  thumb  even  when  his  eyes  convince 
him  that  it  has  not  moved.  Tumors  pressing  upon  the  olfactory 
sense  area  have  given  rise  to  subjective  odors,  while  mental  images 
of  colored  figures  and  the  like  have  occurred  in  individuals  in 
whom  after  death  cysts  involving  the  visual  area  of  the  occipital 
lobe  have  been  found.  Irritative  lesions  of  the  auditory  sense 
area  can  give  rise  to  noises  and  to  other  sound-images.  Destruc- 
tion of  the  sense  centre  concerned  with  the  sensations  of  any 
given  sense  quality  is  associated  with  the  so-called  perceptive 
sensory  disturbances. 

The  sense  centres  are  concerned  not  only  in  the  bringing  into 
consciousness  of  the  individual  elementary  sense  impressions, 
but  the  distinction  of  the  spatial  and  temporal  relations  of  these 
impressions,  if  Flechsig  be  right,  is  also  to  be  attributed  to  the 

•  Cf.  a  very  important  case  described  by  Fried Iftnder,  C,  and  C.  Wernicke. 
Ein  Fall  von  Taubheit  infolge  doppelseitiger  L&sion  des  Schlftfelappens. 
Fortschr.  d.  Med.,  Bd.  i  (1883). 

f  For  evidence  as  to  the  paramount  importance  of  the  soma^thetic  area 
for  the  development  of  a  personality,  the  reader  is  referred  to  the  thorough 
studies  which  were  made  of  the  brain  of  Laura  Bridgman.  Cf.  Donaldson, 
H.  H.  Anatomical  Observations  on  the  Brain  and  Several  Sense  Organs  of 
the  Blind  Deaf-Mute,  Laura  Dewey  Bridgman.  Am.  J.  Psychol.,  vol.  iii 
(1890),  pp.  293-^42. 
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activities  of  the  cortical  sense  spheres.  Thus  ^'  peroeptiTe  won!- 
deafness  "  has  been  shown  to  depend,  in  right-handed  indiTidnik, 
upon  disease  of  the  left  auditory  sense  area.  When  words  an 
spoken  the  individual  hears  only  confused  noises  and  does  not 
understand  them.  Wernicke  believed  that  in  such  cases  there  ii 
a  permanent  loss  of  the  memory  pictures  of  the  sounds  of  w(h^ 
This  is  denied  by  Flechsig,  who  holds  that  here  we  have  to  deil 
rather  with  an  incapacity  of  separating  the  soands  which  foUov 
one  another  in  the  spoken  words,  of  distinguishing  tone  interab 
correctly  between  syllables  and  words.  The  patient  does  not 
perceive  an  orderly  combination  of  sounds,  but  an  undecipher- 
able chaos  of  tones  and  noises.  If  in  such  cases  we  have  to  ded 
with  pure  lesions  of  the  auditory  sense  area  the  patients  can 
speak  spontaneously  a  large  number  of  words  correctly,  so  that 
the  ordinary  observer  might  scarcely  notice  any  distnrbanoe  in 
his  speech,  a  fact  which  makes  it  seem  likely  that  the  memofr 
pictures  of  the  sounds  of  words  have  been  retained  in  spite  d 
the  destruction  of  the  auditory  sense  area.  On  the  other  band, 
if  the  periphery  of  the  auditory  sense  area  be  destroyed,  as  in 
Heubner's  well-known  case,  and  the  auditory  sense  area  itsdf 
remain  uninjured,  the  clinical  picture  is  exactly  reversed;  the 
patient  in  this  transcortical  sensory  aphasia  (in  the  sense  d 
Lichtheim  and  Wernicke)  can  speak  spontaneously  only  very  fev 
words  (amnesic  aphasia),  or  there  exists  a  high  degree  of  pan- 
phasia.  The  patient,  however,  can  from  the  beginning  repeat 
correctly  words  which  are  spoken  before  him,  which  is  evidence 
in  favor  of  the  view  that  he  has  heard  the  words  correctiv  and 
has  retained  the  capacity  for  perceiving  correctly  the  intervals 
between  syllables  and  words.  If,  in  spite  of  this,  word-deafn€«8 
exists,  the  reason,  perhaps,  lies  in  the  fact  that  the  words  cor- 
rectly heard  do  not  call  forth  by  association  into  consciousnea 
the  memory  pictures  which  belong  to  them,  and  which  help  to 
make  up  the  sense  ("  apperceptive  word-deafness  "  of  Herhart). 
Of  course,  these  forms  are  seldom  met  with  pure,  for  in  tk 
majority  of  cases  the  auditory  sense  area  and  its  periphery  aie 
diseased  more  or  less  together,  and  mixed  forms  are  of  no  nse  for 
the  decision  of  the  question  whether  and  in  how  &r  diseases  d 
the  auditory  sense  area  alone  have  disturbances  of  memory  as  s 
result. 

If  the  cortical  form  of  "  perceptive  word-deafness  '*  does  not 
depend  on  the  loss  of  memory  pictures  of  the  sounds  of  wonb 
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it  is  highly  probable  that  it  is  a  "  sensory  atactic  "  disturbance — 
the  temporal  arrangement  of  the  auditory  sensations  is  lacking. 
If  Flechsig  be  correct  about  this,  the  essential  basis  for  spatial 
and  temporal  perceptions  is  to  be  sought  in  the  sense  spheres. 

Flechsig  thinks  that  the  tactile  disturbance,  described  by 
Wernicke,  associated  with  disease  of  the  somsesthetic  area,  is  due 
to  loss  of  the  capacity  of  uniting  properly  tactile  stimuli  to  a 
mental  image  (that  is  to  say,  the  spatial  arrangement  of  the 
single  impressions  is  no  longer  possible).  It  is  rather  an  atactic 
disturbance  of  perception  than,  as  Wernicke  thinks,  a  defect  of 
memory  capacity.  It  is  quite  analogous  to  the  perceptive  word- 
deafness  dependent  upon  lesion  of  the  auditory  sense  area.  It  is 
probable  that  the  organic  traces  of  the  more  extensive  memory 
pictures,  built  up  of  no  matter  what  sense  qualities,  are  associated 
with  the  cells  of  the  association  centres  which  lie  between  the 
sense  centres. 

Before  passing  to  the  description  of  the  functions  of  the  as- 
sociation centres,  however,  a  few  special  points  in  connection 
with  the  sense  centres  must  be  considered.  With  regard  to  the 
somassthetic  area  it  has  long  been  known  that  disease  of  the 
central  convolutions  is  accompanied  frequently  with  loss  of  the 
kinsesthetic  sensations,  so  that  the  mental  images  of  position  and 
movement  for  the  extremities  and  the  region  of  the  mouth  may 
be  absent  or  defective  (Bastian).  Along  with  these  symptoms, 
especially  where  the  foci  of  disease  are  small,  the  cutaneous  sen- 
sations suffer  only  as  regards  the  tactile  sense  and  its  exact  locali- 
zation. As  a  result  of  lesion  of  the  arm  region  there  is  an  in- 
capacity to  recognize  external  objects  by  feeling  their  form.  In- 
deed, these  disturbances  of  the  stereognostic  sense  seem  to  be 
characteristic  of  cortical  lesions. 

If  the  inferior  frontal  convolution  be  diseased,  the  capacity 
for  calling  up  images  of  movements,  or  rather  the  capacity  to 
feel  the  position  of  the  organs  which  participate  in  speech,  suffers, 
so  that  sensory  system  No.  3,  connected  with  the  inferior  frontal 
gyrus,  is  accordingly  not  different  in  the  sensation  quality  medi- 
ated from  the  sensory  paths  of  the  central  gyri,  but  simply  in  re- 
gard to  the  region  of  the  body  whence  the  sensations  come ;  the 
newborn  infant,  for  purposes  of  self-preservation,  makes  use  far 
earlier  of  his  extremities,  his  lips  and  his  tongue,  than  of  his 
trunk  and  speech  muscles,  and  this  fact  of  experience  agrees  ex- 
tremely well  with  the  developmental  finding  that  the  sensory 
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and  motor  paths  of  the  extremities  develop  earlier  than  those  for 

the  trunk  and  the  special  organs  of  speech  (Flechsig).     Certain 

of  the  fibres  of  system  No.  2  have  apparently  to  do  with  muscle 

sense,  but  our  knowledge  is  as  yet  insufficient  concerning  this 

^  \  group.    There  is  a  good  deal  of  evidence,  too,  that  the  somsesthetic 

,*  It  area  plays  an  important  part  in  the  coming  into  conscioasness  of 

^  y  many  of  the  bodily  processes  accompanying  or  constituting  the 

emotions,  and  that  thence  start  out  many  of  the  movements  which 
serve  as  the  expression  of  the  emotions,  a  point  of  view  which, 
if  confirmed,  is  of  infinite  importance  for  psychiatry. 

Let  us  now  turn  to  the  subject  of  the  functional  activities  of 
the  association  centres.  We  have  seen  before  that  from  the 
anatomical  arrangement  these  areas  appear  to  exist  for  the  pur- 
pose of  uniting  the  activities  of  the  various  sense  centres.  Clini- 
cal and  pathological  evidence,  too,  is  in  favor  of  Flechsig's  view 
that  they  are  concerned  in  the  higher  manifestations  of  the  in- 
tellect, in  the  processes  of  memory,  recognition,  judgment  and 
t^  reflection.     It  is  in  disease  of  these  areas  that  we  see,  above  all, 

>   '  disturbances  of  memory  and  of  the  associative  processes.     When 

the  posterior  large  association  centre,  for  example,  is  diseased, 

the  lesions  are  not  accompanied  with  phenomena  of  perceptive 

deafness,  of  perceptive  blindness,  or  of  perceptive  tactile  auses- 

thesia,  providing  the  adjoining  sense  centres  remain  unaffected. 

But  instead  of  these  an  entirely  different  group  of  clinical  phe- 

■"  nomena  becomes  manifest.     Here  we  meet  sometimes  with  the 

i  conditions  known  as  mind-blindness,  mind-deafness,  and  the  like ; 

I  g  with  apraxia  or  agnosia ;  sometimes  there  is  weakening  of  the 

power  of  visual  imagination.    There  may  be  an  incapacity  to  call 
into  consciousness  melodies  which  the  individual  formerly  knew 
^.  well,  and  in  lesions  of  this  area  on  the  left  side  in  certain  portions, 

\]f[  sensory  (optic)  alexia,  optic  aphasia  (amnesic  color-blindness), 

apperceptive  (transcortical)  word-deafness,  verbal  paraphasia,  and 
i  sensory  amnesic  aphasia  (incapacity  to  call  up  the  memories  of 

I  the  sounds  of  words  corresponding  to  the  mental  images  in  con- 

*t  sciousness).     The  memory  capacity  may  in  such  instances  be  af- 

fected apparently  in  either  or  both  of  two  ways — (1)  by  destruc- 
tion of  the  association  paths  concerned  in  setting  free  given 
mental  images,  and  (2)  by  actual,  permanent  destruction  of  the 
organic  memory  traces  in  the  nerve  cells.  It  would  appear, 
therefore,  that  the  posterior  large  association  centre  is  concerned 
in  the  formation  and  collection  of  ideas  concerning  the  external 
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world — that  is,  of  actual  knowledge  concerning  external  objects, 
of  combinations  of  sounds,  and  the  union  of  all  these  with  one 
another.  In  these  regions  are  stored  up  the  elements  of  onr 
positive  knowledge  as  well  as  the  factors  which  come  into  play 
in  the  exercise  of  the  fantasy.  It  is  here  that  preparation  is 
made  for  speech  which  shall  accord  with  the  thoughts;  in  short, 
this  region  more  than  any  other  in  the  cerebral  cortex  appears, 
Flechsig  believes,  to  be  the  site  of  the  processes  concerned  in 
what  we  ordinarily  mean  when  we  speak  of  the  "  intellect." 

The  anterior  association  centre — that  is,  the  association 
centre  of  the  frontal  lobes — has  manifold  connections  with  the 
somaesthetic  area,  and  hence  also  with  the  motor  regions  con- 
cerned in  conduct.  So  that  here,  in  all  probability,  Flechsig 
states,  is  to  be  sought  the  anatomical  mechanism  by  means  of 
which  memory  traces  of  all  conscious  bodily  experiences,  espe- 
cially of  acts  of  the  will,  are  stored  up.  The  study  of  the  func- 
tions of  this  region  of  the  brain  is  extremely  difficult,  and  as  yet 
only  general  statements  can  be  made  regarding  them.  It  woilld 
appear  that  the  positive  knowledge  of  the  individual  concerning 
external  objects  does  not  necessarily  suffer  in  diseases  of  this 
portion,  at  least  at  first,  although  the  appreciation  of  the  value 
of  this  knowledge  and  its  relations  to  the  individual  himself  may 
be  diminished.  The  man  may  lose  interest  in  the  external  world 
as  well  as  in  himself  and  cease  to  participate  personally  in  what 
is  going  on  about  him.  Indeed  it  is  in  the  diseases  affecting  this 
area  and  the  neighboring  somsesthetic  area  that  most  marked 
alterations  in  the  character  of  the  individual  are  met  with.  The 
phenomena  of  attention,  of  reflection,  and  of  inhibition  are  pos- 
sibly especially  connected  with  this  frontal  association  centre. 
Wundt  has  for  some  time  believed  that  the  "active  appercep- 
tion "  is  to  be  localized  in  this  region. 

If  Flechsig  be  correct  in  his  views,  it  is  evident  that  the 
study  of  the  normal  functions  of  the  association  centres  is  of  the 
highest  importance  and  will  in  the  future  represent  pre-emi- 
nently the  task  of  psychology;  while  the  phenomena  which 
result  when  the  association  centres  are  diseased  will  afford  the 
especial  topic  of  investigation  for  psychiatry.  The  study  of 
cases  in  the  literature,  more  especially  of  general  paresis,  in 
which  careful  pathological  examinations  have  been  made  after 
death,  has  already  thrown  considerable  light  upon  the  function 
of  these  areas.     Of  course,  in  the  majority  of  cases  of  this  disease 
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the  lesioiiB  involve  very  differeiit  regioos  o 
same  time.  While  in  some  instancea,  howe 
ftSected  preferably  the  aseociatJon  centres  a 
ing  the  senae  centres,  in  a  few  cases  the  fro 
trea,  it  is  asserted,  have  been  the  ones  c. 
•  .  in  others  the  large  posterior  association- cei 

ones  mainly  affected. 

Such  material  permits  of  an  analysis  of 

•'.  individual  areas.     Thus  where  the  frontal  U 

the  brain  have  been  diseased  the  main  syi 

.i  u;  during  life  have  been  thuso  referable  to  an 

I'l*  ideas  regarding  the  individual's  personality 

what  is  taking  place  inside  and   outside   h 

which  are  highly  snggeative  when  compared 

extirpation  of  the  frontal  lobes  in  higher  ap 

the  Italian  investigator  Bianchi.    Tho  sympi 

■'  ,         — probably  according  as  the  lesion  is  irritat 

^  its  nature.     Thus,  in  some  instances,  there  is 

^  of  self.     The  patient's  egotism  is  unbounc 

i  possible  to  him.     He  is  a  multi-millionaire, 

^  dignitary.     In  other  cases  he  shows  remarkc 

1  and  lack  of  confidence  in  his  personal  ca 

^  may  for  a  long  time  remain  unaffected;   1 

^  judgment  as  to  what  is  right  and  what  is  ^ 

r  tiful  and  what  hateful,  is  often  involved  so 

',  will  exhibit  in  his  conduct  characteristics  e 

^  with  what  his  friends  knew  of  him  earlier  in 

jj  sons  lack  self-command,  even  when  uninfluei 

I  tions;   and  when   they  are  exposed    to  unu 

5:  anger,  or  to  sexual  excitement,  they  lose  all 

'  1  duct  and  are  guilty  of  outrageous  acts.     F 

y  -  progress  far  enough,  imbecility  appears,  and 

1  lose  completely  his  ideas  concerning  his  pers 

3  When  the  posterior  large  association  centi 

,:  affected  the  clinical  picture  is  very  different 

I  the  knowledge  of  the  external  world  rather  t 

and  of  his  personality  which  is  defective,  ju 

pect  from  what  has  been  said  above  concen 

of  sensory  aphasia  met  with  in  focal  aoftenin 

to  vascular  disease.     In  these  individuals  the 

personality  may  be  tolerably  clear ;  they  may 
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self-possession,  bat  their  friends  notice,  and  they  may  themselves 
be  aware,  that  they  are  unable  to  recognize  objects  seen  and  felt 
or  to  associate  the  elementary  sensory  impressions  with  the  mem- 
ories of  experiences  in  their  past  lives.  Such  a  patient  will  name 
external  objects  wrongly,  misunderstand  their  use,  confuse  per- 
sons, and  be  mixed  up  in  his  ideas  of  time  and  space.  He  is 
unable  to  put  into  words  the  images  which  float  in  his  con- 
sciousness, and  suffers  on  the  whole  from  a  poverty  of  ideas. 
Yet  with  all  this  he  may  perhaps  have  a  normal  regard  for  him- 
self and  for  his  friends. 

With  combined  diseases  of  the  different  association  centres, 
and  especially  with  combinations  of  disease  of  the  sense  centres 
with  disease  of  the  association  centres,  the  possible  variations  in 
.  the  clinical  picture  become  almost  innumerable.  For  the  analysis 
of  these  symptoms  and  their  anatomical  localization  psychiatry 
has  been  provided  in  these  researches  of  Flechsig,  should  they 
be  confirmed,  with  a  most  important  aid. 

It  will  be  of  especial  interest  to  study  the  functional  diseases 
of  these  different  areas,  disturbances  of  a  temporary  nature  which 
can  be  ascribed  to  faulty  metabolism,  in  the  different  areas  de- 
pendent upon  various  factors  such  as  imperfect  nutrition,  certain 
intoxications,  prolonged  emotion,  excessive  mental  and  physical 
activity,  and  the  like.  The  protean  symptoms  of  neurasthenia 
and  hysteria  often  in  individual  cases  bear  a  special  stamp  which 
may  enable  us  in  the  future  to  suggest  with  some  probability  the 
portion  of  the  brain  mainly  responsible  for  their  appearance. 

Bepresenting  as  they  do  ideas  which  fundamentally  affect  our 
general  concept  of  the  structure  and  function  of  the  brain,  these 
researches  of  Flechsig  have,  as  might  have  been  expected,  not 
passed  unchallenged.  After  his  address  at  Frankfurt  a  number 
of  leading  neurologists  and  psychiatrists  discussed  his  findings 
and  his  views.  It  may  be  interesting  to  consider  briefly  some  of 
the  objections  which  have  been  offered  to  them. 

A  number  of  investigators  are  unwilling  to  grant  that  the 
areas  of  the  cortex  to  which  projection  fibres  are  distributed  are 
as  limited  as  Flechsig  would  nave  us  believe.  Thus,  von  Mona- 
kow  asserts  that  projection  fibres  go  to  nearly  all  parts  of  the 
cortex,  though  certainly  some  parts  of  it  receive  fewer  by  far 
than  others.  Hitzig,  too,  grants  that  the  number  of  projection 
fibres  going  to  the  frontal  lobe  is  very  small.  Von  Monakow 
bases  his  objection  upon  the  results  of  his  studies  of  secondary 
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degenerations.  He  Snda  degenerations  in 
lesions  of  certain  of  the  regions  falling  withii 
Flechsig  calls  association  centreB.  He  belief 
and  sensation  are  represented  in  the  cortex 
ally  different  from  one  another.  His  stu* 
him  that  the  sense  areas  occupy  much  man 
the  cerebral  sarface  than  those  indicated  by 
grams.  Thus,  the  area  for  cutaneous  and  i 
von  Monakow  thinks,  estends  far  beyond  th 
to  produce  atrophy  of  the  lemniscus  and  of 
gracilis  and  the  ouclens  funiculi  cuneati  o 
destruction  of  the  cortex  (in  both  animals 
gi-eater  extent  than  that  whicb  represents 
must  have  preceded.  In  answer  to  this  F 
that  a  totally  insufficient  amount  of  materii 
by  the  secondary  degeneration  method  to  s 
suits ;  and  (2)  that  in  many  instances  not  sn; 
been  paid  to  the  exact  localization  of  the  let 
not  enough  care  has  been  taken  to  detern 
been  purely  cortical  or  whether  it  has  ini 
cortical  white  matter.  He  points  out,  for  e 
of  the  parietal  cortex  have  been  followed  in  a 
by  degenerations  of  projection  fibres,  but  in  i 
believes  the  cortical  nodnle  has  affected  bt 
fibres  belonging  to  other  parts  of  the  cortex, 
the  area  diseased.  The  results  of  experimec 
animals  following  extirpation  of  cortical  zon 
he  directly  applied  to  human  beings,  for  tn  r 
opment  of  the  association  centres  not  reachet 
other  animal. 

Another  objection  which  very  properly 
Sachs  and  others  is  this :  That  after  a  certain 
ment  the  medullation  has  become  so  diffuse  i 
it  would  be  impossible  to  deny  that  lat«r  proj 
to  the  association  centres  may  become  med 
granted  that  Flechsig  can  claim  the  limitati 
as  he  defines  them,  only  for  a  definite  period 
is  certain,  however,  that  at  this  period  the  pi 
are  sharply  marked  off  from  the  rest  of  the  c 

Von  KoIIiker's  objection  to  designating  th 
as  intellectnal  centres  is  based  upon  his  vi 
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essential  difference  between  the  pyramidal  cells  of  the  Tarious 
regions  of  the  cortex.  In  the  first  place,  however,  as  Flechsig 
points  out,  the  time  is  not  yet  ripe  for  the  building  up  of  a  psy- 
chology based  upon  the  histology  of  the  cortical  cells.  One  need 
only  refer  to  the  attempt  which  has  recently  been  made  by  Ra- 
m6n  y  Cajal.*  As  a  matter  of  fact,  however,  the  sense  centres 
do  differ  very  essentially,  not  only  in  the  correlation  of  the 
elements  present  in  them,  but  also  in  the  actual  shape  and 
position  of  the  individual  nerve  cells.  A  skilled  histologist 
who  has  studied  sections  from  these  regions  can  easily  distin- 
guish a  section  from  the  middle  part  of  the  gyrus  fornicatus 
from  one  taken  from  the  neighborhood  of  the  calcarine  fissure, 
from  the  middle  of  one  of  the  central  gyri,  or  from  the  angular 
gyrus. 

These  studies  of  Flechsig,  taken  together  with  the  researches 
of  Edinger,  show  that  the  anatomical  mechanisms  underlying  the 
mental  processes  in  human  beings  as  well  as  in  animals  are  or- 
ganically membered,  and  are  only  secondarily  fused  together  into 
an  organic  whole.  From  the  study  of  the  gradual  development 
of  the  individual  organs  of  the  brain,  as  shown  by  ontogenetic 
and  phylogenetic  investigations,  we  have  the  promise  of  a  clear 
and  sharply  defined  picture  of  the  various  anatomical  substrata 
which  in  definite  sequence  are  concerned  in  the  gradually  in- 
creasing complexity  of  the  organizing  intelligence.  While  it  is 
probable  that  many  of  the  theories  which  go  far  beyond  actual 
findings,  which  Flechsig  has  advanced  regarding  psychology,  will, 
with  further  knowledge,  be  entirely  given  up  or  much  modified,! 
still  every  one  who  reads  his  papers  carefully  will  be  ready  to 
grant  that  many  of  them  are  too  well  founded  to  be  overthrown. 
At  any  rate,  he  has  supplied  us  with  a  mass  of  material  and  data 
which  must  form  the  starting  point  of  a  whole  series  of  subse- 
quent investigations. 

In  deciding  as  to  the  relative  value  of  the  results  of  the  recent 
work  of  Flechsig,  all  will  probably  agree  with  His,  of  Leipzig, 
who  suggests  that  his  most  striking  achievements  have  been  (1) 
the  bringing  of  the  anatomical  proof  of  the  existence  of  primary 

♦  Ram6n  y  Cajal,  S.  Einige  Hypothesen  ueber  den  anatomischen  me- 
chanismus  der  Ideenbildung,  der  Association  und  der  Aufmerksamkeit. 
Arch.  f.  Anat.  u.  Physiol.,  Anat.  Abth.,  Leipz.  (1895),  S.  367. 

f  Cf.  Jacobi.  M.  P.  Considerations  on  Flechsig's  "  Gehirn  iind  Seele."  J. 
Nerv.  and  Ment.  Dis.,  N.  Y.  (1897). 
71 
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sensory  sense  centres  in  the  cerebral  cortex  and  of  the  connection 
of  these  centres  with  the  nervons  apparatus  situated  lower  down; 
and  (2)  the  determination  of  the  successive  medullation  of  tbe 
fibres  going  to  the  single  cortical  areas  and  the  exact  periods  of 
such  medullation. 
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Abducent  nerve,  see  N.  abducens. 

Aberrant  bundle  (yon  Bechterew),  see 
Fasciculus  ventro-lateralis  super- 
flcialis. 

Accessory  olivary  nucleus,  see  Nu- 
cleus olivaris  accessorius. 

Acoustic  cortical  path,  direct  (Held), 
839. 
tubercle,  see  Nucleus  N.  oochlese 

dorsalis. 
reflex  paths  in  formatio  reticularis, 
557. 

Acustico-facial  complex,  117. 

Acu8tico-lat«ral  component  of  cere- 
bral nerves,  922. 

Acute  cell  disease  (Nissl),  291. 

Adendritic  neurones,  73,  74,  86. 

Aeusere  grcvueZone^  see  Cappa  cinerea. 
weiae  Lctge^  see  Stratum  zonale  col- 
liculi  superioris. 

Aeuserer  Kern  (Burdach),  673. 

After-brain,  see  Myelencephalon. 

Agnosia,  1078. 

Ala  cinerea,  see  Nucleus  aloe  cinerese. 

Alteration  with  rarefaction  around 
the  nucleus  (Hoch),  293. 

Alveolar  zone,  inner  (Apdthy),  56, 58. 
zone,  outer  (Ap&thy),  56. 

Amacrine  cells,  82,  44,  587. 

Ampharkyochrome  cell,  118, 119. 

Ampulla  membranacea  superior,  861. 
membranacea  lateralis,  361. 
membranacea  posterior,  361. 


Amputation,  changes  in  nervous  sys- 
tem after,  229. 
Amygdaloid    nucleus,    see    Nucleus 

amygdalae. 
Anaxones,  82,  45. 
Angeiotome,  196. 

Angular  gyrus,  see  Gyrus  angularis. 
Angulus  lateralis,  752. 
Anophthalmia,  congenital,  823. 
Anosmatic  animals,  749. 
Ansa  hypoglossi,  186. 
lenticularis,  685. 
peduncularis,  685. 
Anterior  central  gyrus,  motor  func- 
tions of,  995. 
cerebral  vesicle,  88. 
commissure,  axones  of  mitral  cells 

in,  758. 
commissure,  termination  in  gyrus 

hippocampus,  764. 
lateral  nucleus  of  thalamus,  677. 
medial  nucleus  of  thalamus,  677. 
nucleus  of  thalamus,  dorsal  and 

ventral,  679. 
olfactory  lobe,  90,  749,  472. 
Antero-lateral   ascending  tract,    see 
Fasciculus  ventro-lateralis  super- 
flcialis  (Gowersi). 
Apathy's  fibrils,  54. 

EUmentargitter^  60,  273. 
Apathy,  theory  of,  273. 
Apex  columnar  dorsalis,  887. 
Aphasia,  1076. 
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Aphasia,  optic,  1078. 

sensory  Rmneaic,  1078. 
Apraiia,  1078. 

AqueductuB  cerebri,  319-821. 
Arched  or  &rcuat«  fibres,  see  Pibne 

areusts. 
Area  of  Broca,  see  Area  parolfactoria. 

parolfactoria  Brocfe,  750. 
Arkyochrome  cell,  117, 121,  67. 
Arkyostichochroine  cell,  117,  121. 
Arnold's  bundle,  1044. 
Arsenic,  action  o(,  oD  neuroneB,  16' 

172. 
Ascending  cerebellar  tract,  see  Fa 

cicotuB  Bpino-cerebellaris. 
AssociatioD  centres  of  cerebral  co 
tei.«75,«7«,  1073. 
ceotres  of  cerebral  cortei,  lesioi 

of,  1078. 
fibres,  lobus  occipiulis,  668. 
neurones,  667. 
Ataxia,  sensory,  1077. 
Atrial  plexus  of  heart,  128. 
Atrophy,  indirect,  of  nerre  fibres,  18. 
Auditory  conduction  paths,  036. 
conduction  paths,  neurones  of,  56o, 

566. 
conduction  paths,  nuclei  of,  839. 
ganglion,  origin  of,  186, 
nerve,  see  N.  acusticus. 
nucleus,  see  Nucleus  N.  cochlae. 
path,  cortical  termination  of,  678. 
sense  area,  830. 
sense  area,  cells  in  cortex  of,  878, 
568. 
Avalanche  conduction,  84. 
Aiis-cyliuder  process,  see  Aione. 
Axodendrites,  270. 
Aione,  40,  41,  62,  71t,  80  4,  78, 103, 

142, 145. 
Aione- hillock,  structure  of,  41,  84, 

SSft.BS,  111,  169. 
Axopetal  impulse,  267. 
Axospongium,  HI.  88, 144. 

Basis  pedunculi,  Plate  1,  S,  441, 442. 
BATh  of  Forel,  488,  670,  730. 
Bethe's  staining  method,  137, 138 
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Bulbo-pontal  neurones,  694. 
Bulbous  plexus  of  heart,  128. 
Bulbus  olfactorius,  529. 

layers  of,  755,  478,  479. 
BUtndel  vom  Fuss  zur  Schhife^  688, 

440. 
Burdach's  column,  see  Fasciculus  cu- 
neatus. 
nucleus,  see  Nucleus  funiculi  eu- 
neati. 
B.  T.  c.  (von  Gudden),  see  Com  mis- 
sura  hypothalamica  anterior. 

Calcar  avis,  678. 

Calcarine  fissure,  see  Fissura  calea- 

rina. 
Callosomarginal  fissure,  see    Sulcus 

cinguli. 
Calyculi  gustatorii,  525,  847,  848. 
Canal  is  centralis,  808,  915. 
Cappa  cinerea  of  superior  colliculus, 

809,  810,  619. 
Capsula,  externa,  688. 
interna,   hiemorrhage    into,    1014, 

641. 
interna,  motor  fibres  in,  980,  987. 
interna,  retro-lenticular  portion  of, 

838. 
interna,  structure  of,   1003,  686- 

688, 1007,  689. 
Capsule  of  red  nucleus,  see  Nucleus 

ruber. 
Caryochrome  cells,  115, 117,  122. 
Caudate  nucleus,  see  Nucleus  cau- 

datus. 
Cell  body  of  perikaryon,  changes  in, 

after  section  of  axones,  233,  234. 
Cell  bridges  (Apathy),  60,  62. 
Cell  shrinkage,  292. 
Cells  of  Martinotti,  976. 
Cellulifugal  conduction,  by  axones, 

266. 
by  medullated  collaterals,  270. 
Cellulipetal  conduction  by  dendrites, 

266. 
Central  gray  matter  of    mid-brain, 

see  Stratum  griseum  centrale. 
gyri,  see  Gyri  centrales. 


Central  gyri,  sensory  path  from  me- 
dulla to,  704. 
neurones  of  olfactory  conduction 

path,  748. 
optic  path,  821,  527. 
sulcus,  see  Sulcus  centralis, 
paths  of   brain   (von   Bechterew), 
456. 
Centrale  Haubenbahny  see  Fasciculus 
tegmenti  centralis. 
Ildhlengrau^  see  Stratum  griseum 
centrale. 
Centre  anterieur^  674. 
mSdian,  674. 
may  en  (Luys),  673. 
Centre,  medullary,  of  cerebral  hemi- 
sphere, see  Centrum  semiovale. 
Centrifugal,  cerebellar  path,  965, 618. 
fibres  in    lemniscus    medialis,  de- 
scending, 1017,  644. 
Centripetal  fibres  conducting  bodily 
impulses,  666. 
trigeminal  neurones,  central,  641. 
Centrum  ovale  of  Flechsig,  see  Tri- 
angle midian  of  Gombault  and 
Philippe, 
semiovale,  hallux  fibres  in,  1027. 
Cephalic  myotomes,  relation  of  mus- 
cles to,  919.  * 
Cerebellar  path,  centrifugal,  965, 618. 
Cerebello-cerebral  paths,  647,  733. 
Cerebellopetal  degeneration,  664. 
Cerebello-spinal  paths,  963. 
Cerebellum,  89. 
axones  entering,  648,  741. 
axones  from   nucleus  dorsalis  to, 

714. 
connection  with  cortex  cerebri,  738. 
degenerations  following  lesions  of, 

964. 
worm  (vermiform  process)  of,  see 
Vermis. 
Cerebral  hemispheres,  see  Hemispha- 
rium  cerebri.  ■ 
nerves,  components  of,  922. 
nerves,  control  by  pallium  of,  1022. 
nerves,  relation  to  central  nervous 
system,  917,  588. 
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Cerebml  nerves,  sensorj  components 

of,934,&»S- 

vesicles,  »$,  103. 
Cerebro-spinftl  meningitU,nerTe  cells 

in,  ITo. 
Cerebrum  (brain),  103.  840. 

cortex  of,  see  Pallium. 
Cervical  enlargement  of  cord,  see  Ii 

gcterozonea,  189. 
Chromatic  zones.  50,  58. 
Chromophile  cells,  115. 123,  78. 
Chiasma  opticum,  90.  50S.  795. 
opticum,  decussation  of  fibres  i) 

785. 
opticum,  degeneration  of.  789,  S04. 
Cingulum,  1001,  ««9. 
Circumcellular  pleiases.  1  la. 
CUrbe'9  nucleus  or  column,  see  Nu- 
cleus dorsal  is. 
Claudius,  cells  of,  864. 
Ciava<c]ub),  560,  872. 
Climbing  fibres,  85,  62. 
Column ofTDrck, see  Fasciculus cet 

bro-spinalis  ventral  is. 
Cocblear  root  of  auditory  nerve,  s 

N.  cochlea-. 
Ctclom,  unsegmented,  197. 
Cold  points,  253. 
Collaterals,  31,  23,  90. 
from  axones  of  pyramidal  tra< 

1033. 
reflei,  30. 
Collicuhis  facialis,  372. 
inferior,  814,  81M.  819.  869,  882, 

58S,  838,  843,  847. 
inferior,  relation  to  auditor;  path, 

873. 
superior,  819-824,  8«»,  888. 
superior,  fibres  from  lateral  lemnis- 
cus to,  808,  &5&--ov8. 
superior,  fibres  to  occipital  cortex 

from,  819. 
superior,  path  to  spinal  cord  from, 
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Conduction  path,  sensory,  from  me- 
dulla to  central  gyri,  704. 

path,  somsBsthetic,  riaumS  of,  789, 
469-471. 
Conductor  sonorus,  840. 
Confusion  zone,  995,  632. 
Connecting  plexus  of  heart,  123. 
Contact  theory  of  transmission  of  im- 
pulses, 262,  263. 
Convergenzcentrumt  951. 
Cornu  ammonis,  see  Hippocampus. 

anterius,  see  Ventriculus  lateralis. 

inferius,  see  Ventriculus  lateralis. 

posterius,  see  Ventriculus  lateralis. 
Corpora  albicantia  (white  bodies),  see 
Corpus  mammillare. 

geniculata,  see  Corpus  geniculatum. 

quadrigemina,  89,  372,  586. 

quadrigemina,  relation  of  lemnis- 
cus lateralis  to,  556. 

quadrigemina,  significance  of,  in 
animal  series,  804. 

quadrigemina,  termination  of  optic 
fibres  in,  803. 
Corpus  callosum,  1053. 

callosum,  degenerations  of,  1055. 

ciliare,  see  Nucleus  dentatus. 

dentatiun,  see  Nucleus  dentatus. 

geniculatum  laterale,  536,  800, 818, 
511,823,831. 

geniculatum  laterale,  degeneration 
of  ceils  in,  817,  526. 

geniculatum  laterale,  nuclei  of, 
679,  796,  510. 

geniculatum  laterale,  termination 
of  optic  fibres  in,  798.  800,  510, 
512. 

geniculatum  mediale,  386. 843, 847. 

geniculatum  mediale,  degeneration 
in,  875,  559. 

geniculatum  mediale,  fibres  to  in- 
ternal capsule  from,  875,  560. 

geniculatum  mediale,  nuclei  of, 875. 

geniculatum  mediale,  termination 
of  optic  fibres  in,  804. 

Luysi,  see  Nucleus  hypothalami- 
cus. 

mammillare,  90,  386. 


Corpus   mammillare,  connection  of 
hippocampus  with,  766. 
mammillare,  nuclei  of,  768. 
parabigeminum,  569,  386. 
pineale,  90,  881. 

restiforme,     809-312,    818-321, 
377,  385,  564,  575,  391,  412, 
413,417,419,586,587. 
restiforme,  degeneration  following 

section  of,  614,  615,  967. 
striatum,  89. 
subthalamicum,  see  Nucleus  hypo- 

thalamicus. 
trapezoideum,  813,  324,  867-369, 
551, 553, 402, 415, 41 7, 612, 587, 
538,  843. 
trapezoideum,  transverse  fibres  of, 

859. 
trapezoideum,  terminals  of  axones 
on  cells  in,  545,  546,  547,  857. 
Cortex  of  human  brain,  663. 
Corti*s  membrane,  362. 
Cortical  lemniscus,  697,  699. 
Cortico-muscular  conduction    path, 

1037,  657,  658. 
Crista  ampuUaris,  499. 
Crossed  pyramidal  tract,  see  Fascic- 
ulus cerebro-spinalis  lateralis. 
Cms  cerebri,  see  Pedunculus  cerebri. 
Cuneate    funiculus,    see    Fasciculus 
cuneatus. 
tubercle,  see  Tuberculum  cunea- 
tum. 
Cuneus,  524,  534,  PI.  I,  3. 
Cylinder  furrow,  100. 
Cylitidrodendrtten,  90. 
Cytochrome  cells,  115, 121. 
CytodendriteUy  270. 

Darkschewitsch,  nucleus  of,  721,  724, 

462,  463. 
Deckplatte,  100. 
Deafness,  mind,  1078. 

word,  1076. 
Decussatio  brachii  conjunctivi,  316, 
822-324,  415,  420,  429. 
lemnisconim,  308,  563,  447. 
nervorum  oculomotorium,  942. 
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l>i!cussatio    nervorum    trochleariur 
814, 940,  602. 
pyramidura.  981,  990.  991.  WSi. 
siibthalainica  anterior,  see  Com  mis- 
sura  lifpothaUinka  anterior, 
tegriienti   dorsalis,   TT2,  969,   435, 

492.  «1 1.618. 

tegincnti  ventrolis.  42»,  43a.  »19. 

971. 

Docussation   JD   optic   chiasm,   c 

pleU  (von  Gudden).  790. 

in  optic  chiasm,  theories  of,  Tilt 

of  fillet,  see  Decussatio  lemnisco- 


I    Decussatio    p;- 


ot    pyramids,  » 

Deciissationi^s  tegmentoruiii,  81S. 
817,824,405,  4»2,  4»3.  495. 
773.  812.  969. 

Deep  cells  oC  nuclei  N.  trigemini.  6 

optic  path,  821. 
Degeneration  after  amputation,  S 
after  lesion  o(  cerebellum.  964-967. 
after  lesion  of  gyms  centralis  pos- 
terior. 702,  4&5. 
after  removal  of  eye,  787,  504. 
after  section  of  corpus  restitorme, 

967,  614,  6I». 
of  cell-body  on  removal  of  affer- 
.  ent  impulses,  329,  177. 
of  nerve  cells  alter  section  of  azone, 

233,234. 

retrograde.  339. 

secondary  or  Wallerian,  18.46,234, 

227, 148. 144. 

Deitors,  cells  of,  8«4. 

De iters'     nucleus,     see     Nucleus   N. 

vcstibuli  lateralis  (Deiter 

nucleus,  tract  to  spinal  cord.  811, 

812.321,322.868. 

Dendraione,  14.  70,  41.  a 

Dendralones   between  upper  motor 


Dendrites.  4,  15,  16,  .37.  70.  Ill,  139. 

effect  of  injury  to,  289. 

origin  of.  169. 

theory  as  to  nature  of,  358. 
Dermatomere,  196. 
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Elevnentargitter,  see  Apathy's  Ele- 
mentargitter, 

Rmbulus,  see  Nucleus  eiuboliforniis. 

Eininentia  interpeduncularis  of  isth- 
mus, 90. 

Enarkyochrome  cells,  118,  119,  68. 

Encephalon,  168. 

End-brain,  see  Telencephalon. 

End-bulbs  of  Krause,  251,  392,  896. 

Enlargements  of  cord,  see  Intumes- 
centisB. 

Enteromere,  196. 

Entry  zone,  428,  424,  427. 

Epistratura,  600,  781. 

Epithalanius,  89. 

Equivalent  picture  of  nerve  cell,  183. 

Ersatz- Theorie  of   tabes   (Edinger), 
254. 

External    capsule,  see   Gapsula   ex- 
terna. 

Extirpation  of  facial  area,  051,  1029. 
of  hallux  centre,  040-050,  1024. 

Eye,  development  of,  118,  119. 
muscles,  innervation  of,  950. 

Eyes,  effectsof  extirpation  of,  787, 504. 

Facial  area  of  cortex,  extirpation  of, 
051,  1029. 

nerve,  see  Nervus  facialis. 
Facies  medialis  cerebri,  motor  locali- 
zation in,  1000,  034. 
Fasciculi  cerebro-spinales  pyrami- 
dales,  172,  313,  314,  315,  310, 
317,  374,  370,  377,  975,  981, 
1008,  1010,  025-031,  040. 

cerebro-spinales  pyramidales,  med- 
u  nation  of,  987. 

longitudinales    (pyramidales),  see 
Fasciculi  cerebro-spinales. 

pedunculo-mammillares,  768,  492. 

pedunculo-mammillares,  pars  basi- 
laris,  380,  772. 

pedunculo-mammillares,  pars  teg- 
mentalis,  772. 

proprii,  motor  neurones  for,  952. 
Faiiciculus  anterior  proprius  (Flech- 
sigi),  see  Fasciculus  ventralis  pro- 
prius. 


Fasciculus  antero-lateraiis  superfi- 
cialis  (Gowersi),  see  Fasciculus 
ventro-lateralis,  etc. 

basilaris  medialis,  025-029. 

centralis  tegmenti,  401,  403,  404, 
728,  974. 

cerebellaris  lateralis  descendens, 
668. 

cerebello-spinalis,  see  Fasciculus 
spino-cerebellaris  dorso-lateralij*. 

cerebro-spinalis  anterior  (pyrami- 
dalis  anterior),  see  Fasciculus 
cerebro-spinalis  ventralis. 

cerebro-spinalis  lateralis  (pyrami- 

dalis  lateralis),  281,  282,  300, 

390, 609, 984, 992, 030,  031, 1045. 

^  cerebro-spinalis     ventralis,     300, 

390,  983. 

cerebro-spin&lis  ventralis  of  mon- 
key, 1027,  049. 

cruciatus,  785,  507. 

cuneatus  (Burdachi),  25,  280,293, 
295.  301.  302,  304,308,318- 
322,  372,  373,370,405,  443- 
457,  461,  462,  468. 

dorsalis  proprius,  559. 

dorso-lateralis  (Lissaueri),  25,  280, 
281,  390,  423-435,  468. 

gracilis  (Golli),  8,  20,  304,  308, 
31^322,  372,  373,  370,  405, 
400. 

gracilis,  degenerations  of,  280, 
292,  293,  442-447. 

gracilis,  origin  of,  439-442  ;  termi- 
nation of,  301,  302,  461,  462. 

lateralis  limitans,  608,  609,  399. 

lateralis  proprius  (Flechsig),  300, 
415, 559,  611-614,  740. 

lateralis  ventralis,  740. 

longitudinalls  inferior,  1065,  072. 

longitudinalis  medialis,  309-317, 
319-^24,  380,  401,  404-400, 
414-417,  420,  618-619,  627, 
687,  422,  668,  675,  718,  721. 

longitudinalis  medialis,  connection 
with  cord,  459. 

longitudinalis  medialis,  motor  neu- 
rones for,  959. 
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Faaciculua    loDgitudinalis    superior, 

881,  106S,  «71. 
msGularis  cniciatus,  S07,  795. 
mocularis  noiicruciatus,  dorsal  is  et 

ventralis,  507,  785. 
marginal  is  anterior,  907. 
noncructatus.  785,  505,  &06,  503. 
occipitalis  transversus  cunei,  lOSO. 
occipitalis  transversus  gyri  lingu- 

alis,  1061. 
occipitalis  vertical  is,  1059. 
occipit-ofrontalis,  1068. 
pallio-rrontalis,  1040. 
pall io- frontalis,   degeneration    of, 

661. 


retronexus  (Mejnerti),  relation  to 

red  nucleus,  4»B,  778. 
Bpino-cerebellsria     dorso-lateralis, 
SOS,   880,    075.  890,  585-589, 
8»&,  896.  975. 
spino-cerebellaris    ventro-Uteralb 

restiformalis,  603. 
thalarno-mammillaris  (Vicq  d'Azy- 

ri).  am,  768,  771. 
nncinatus,  1066. 
ventralis  proprius,  059,  806,  80M, 

401,  406,  6ia-«14. 

ventrolateral  is    superficialis  (Oow- 

ei^i),  550,  801,  SOS  806,  890, 

090-508.896.  897,  898,  601-604. 

Fdtigue,  influence  of,  on  neurones, 

376,  277,  164, 1«8. 
Ftid  H,  605,  488,  671. 
/"(HH,,  673,  488. 
Feld  H,.  673,  488. 
feld  Ilh  fibres  from  fasciculus  longi- 

tudinalta  medial  is  to,  668. 
Peltwork  (Neuropilum),  17. 
Fibro  arcuatie  exteinte,  808,  876, 
565,  575. 
arcoatje  interna,  808,  809,  8S0- 

824,  503,  560,  008. 
arcuats  intemiB  from  nuclei  ter- 

minales  N.  trigeniini.  422. 
arcuatn  interniR,  relation  to  nucleus 
alte  cinereip,  624. 
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Funiculns  dorsalis,  origin  of,  457-461. 
lateralis,  8,  810,  811,  408,  915. 
lateralis,  fibre  system  from  nucleus 

ruber  to,  422. 
posterior,  see  Funiculus  dorsalis. 
ventralis,  878. 

ventro-lateralis,  fibres  from  Deiters* 
nucleus  to,  960. 
Fu888chleife  (Flechsig),  684. 

Ganglia,  sensory,  cells  of,  68, 81, 179, 
108. 
trunci  sympathici,  190,  185. 
Ganglion  cells  of  Apathy,  52,  54. 
commissurale,  see  Nucleus  commis- 

suralis. 
geniculi,  513. 

habenulse,  see  Nucleus  habenulse). 
jugulare,  478. 
nodosum,  478. 
petrosum,  478. 
semilunare  (Gasseri),  514. 
spinale,  185, 188, 310, 311. 20  7, 209, 

210. 
spirale,  112,  117,  545. 
superius,  478. 
vestibulare  (Scarpse),  499. 
Ganglionic  ridge,  109. 
Gasserian    ganglion,    see    Ganglion 

semilunare. 
Gastrocnemius  muscle,  nerve  endings 

in,  894. 
Gemmules,  76,  87,  89 ;  loss  of,  240. 
Geniculate  body,  external,  see  Corpus 
geniculatum  laterale. 
body,  internal,  see  Corpus  genicu- 
latum mediale. 
Genital  corpuscles,  258,  261,  396. 
Genu  capsuliB  intemap,  1005. 
N.  facialis,  888,  411,930. 
Gerlach's  diffuse  network,  7,  60. 
Giant  cells  of  substantia  gelatinosa, 
643,  421. 
pyramidal  cells,  978, 621. 
Giiterschtcht,  677,  488. 
GiUerschichtkeme,  679. 
Glandula  pinealis,  see  Corpus  pineale. 
pituitaria,  see  Hypophysis. 


Globus  pallidus,  Plate  I,  8. 
Glomerulus    olfactorius,     50,     531, 

757. 
Golgi's  cell  of  Type  1, 11, 12. 
cell  of  Type  II,  12,  18. 
cells,  Type  II,  intersegmental,  952. 
cells.  Type  II,  between  upper  and 

lower  motor  neurones,  1036. 
diffuse  network,  15. 
Golgi-Mazzoni  corpuscles,  255,  896. 
Golgi*s  method,  9. 

G oil's  fasciculus,  see  Fasciculus  gra- 
cilis. 
Gowers'  tract,  see  Fasciculus  ventro- 
lateralis  superficialis. 
Gracile  nucleus,  see  Nucleus  funiculi 

gracilis. 
Grande  lobe  limbique,  see  Gyrus  for- 

nicatus. 
Grandry's  corpuscles,  220-224. 
Granule  layer  of  Flechsig*s  temporale 

Riechsphdre,  759. 
Gratiolet*s  radiation,  see  Radiatio  oc- 

cipito-thalamica  (Gratioleti). 
Gray  commissure  of  cord,  see  Com- 
missura  grisea  meduUse  spinalis, 
matter,  central,  see  Substantia  gri- 
sea centralis, 
substance,  see  Substantia  grisea. 
Orosshim,  see  Cerebrum. 
Ground-bundle,    antero-lateral,    see 

Fasciculus  ventralis  proprius. 
Gryochrome  cells,  117, 121. 
Gudden,  commissure  of,  see  Commis- 
sura  inferior  Guddeni. 
law  of,  18,  44. 
Gustatory  conduction  path,  central 
neurones  of,  747. 
neurones,  see  Neurones,  gustatory. 
Gyri  cerebri,  Plates  I  and  II,  688. 
occipitales  laterales,  Plate  II,   1, 

688. 
occipitales  superiores,  Plate  I,  8, 
688. 
Gyms  ambiens   rhinencephali,  752, 
501. 
angnlaris,  828. 
centralis  anterior,  Plate  II,  1. 
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Hair  c*l;«  of  orgiin  of  0»r!i. 
Hallux  oentre,degeneratioa  foHoving 
extirpation  of,  ^^-€#9.  1024. 
centre,  pTrmiDtdal  fibre*  fn.«m,  lO^Ol 
centre,  de».-a^f^tion  of,  lOdS.  C4S>. 
Hauhenlfiindel  d€9  L i Hsenktm^js,  974^ 
d^jf  rofhen  Kent^A.  67-1. 
</**  ThaUtm»i4.  674. 
of  TOfi  f  Jij'Iflen.  see  Fasciculus  pe- 
daneu  l'>-rnam  millaris. 
I/auhenfoffcii'^In  (Forel).  4K.  670. 
HaHbfnkr*:uzung,  ?-ee   Decu«^satione«> 

teginentoruin. 
ffauf/ewUrahlung,  667.  730. 
//aupl4fehlei/e^  see  I>enini^,'us  media- 
li*. 
rfer  SchleifensehirhU  687. 
HnupUheil  der  Sehleifemiehicht^fSiil. 
Hetid  area  of  cerebral  cortex,  998, 
earitie^,  918«  919. 
fold.  8H. 
plate.  HH. 
Heart,  plexuses  of.  123. 
Ilecaterotneric    neurones,    see    Neu- 
rone. Iiecateromeric. 
Held*s  method,  129. 
Hemianopsia,  825.  826. 
Hemisphariam  cerebri,  lateral  sur- 
face, 675. 


nuckosof  R«:>il- 
Hjpothalani  a;^. 
lareis  of.  671. 
limits  of.  671. 
paths  to.  66^. 
region  of.  666l 


Inaxones.  81. 

IndiFidnalitT  of  neapnoes.  38. 

Infections,  change  in   o^aiMBtf  fa. 

289. 
Inferior   collicnlos.   nue)eu«  of.  ^ 
Nucleus  collicoli  inferiori?^ 
col  lieu  I  OS.  relation  to  audit  orr  patk 

872. 
fillet,  pee  Leninij«eas  lateralis. 
Infraconscions  impulses,  S5Q. 
Innerer  Kern  (BurdachV  673L 
ItiseUehwelU  (Schwalbe).  73a 
Insula,  Plate  I,  S. 
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Inter-brain,  see  Diencephalon. 
Intercellular  bridges,  see  Cell  bridges. 
Interinsular  cells,  421. 
Intermediary  lamina  medullaris,  489. 

motor  neurones,  952. 
Internal  capsule,  see  Capsula  interna. 
Interneuronal   relations  in  cerebral 

cortex,  055,  650. 
substances,  90. 
Interolivary  layer,  see  Stratum  inter- 

olivare  lemnisci. 
Intersegment,  196. 
Interstitial  cells  of  sensory  nucleus 

of  trigeminus,  642,  421. 
Intoxications,  changes  in  neurones  in, 

282. 
Interparietal  sulcus,  see  Sulcus  inter- 
.  parietalis. 

Intumescentia  cervicalis,  motor  neu- 
rones of,  885,  905,  578-582. 
lumbalis,  neurones  of,  887. 
Irritability  of  neurones,  248. 
Island  of  Keil,  see  Insula. 
Motes  olfativoa,  761,  487,  488. 
Isthmus  of  brain,  see  Isthmus  rhom- 

bencephali. 
rhombencephali,  89. 
Iter  a  tertio  mi  quartum  ventriculum, 

see  Aqueductus  cerebri. 

Kaisers  nucleus  extremitatis  superi- 

oris,  914. 
fCeimzellen,  167. 
Korperfuhlsphdre,  667. 
Krause's  end-bulbs,  see  End-bulbs  of 

Krause. 
Kre uzende   Hinteratrangkern-  Grosa- 

hirnrindensyatein    (Tschermak), 

714. 
Hinterstrangkern  -  Grosshirnrtnd' 

Thalamuasyatem      (Tschermak), 

714. 

Labyrinthus  mcmbranaceus,  361. 
Lamina  basilaris  (Corti's  organ),  362, 
364. 
terminalis,  90. 
Laqueus,  see  Lemniscus. 


Large-celled    nucleus    of    thalatnus 

(Nissl),  677. 
Lateral  column,  see  Funiculus  later- 
alis, 
fillet,  see  Lemniscus  lateralis, 
geniculate  body,  see  Corpus  genicu- 

latum  laterale. 
horns,  grouping  of  cells  in,  888, 

568. 
line,  200. 

nucleus,  see  Nucleus  lateralis, 
nucleus  of  corpus  mammillare,  768. 
nucleus  of  reticular  zone,  677. 
nucleus  of  thalamus,  anterior  and 

posterior,  680. 
pyramidal    tract,    see    Fasciculus 

cerebro-spinalis  lateralis. 
Litter  ales    abaieigendes    Kleinhim- 

bundel  663. 
Lautermann's  segmentation,  4. 
Leg  area  of  cortex,  998. 
Leitutigabahn,  319. 
Lemniscus  or  laqueus,  686. 
lateralis,  814,  315,  318-322,  369, 

386,  55^3,  404,  405,  414,  415, 

687. 
lateralis,  divisions  of,  861. 
lateralis,   fibrie    arcuatie    interna) 

from,  866,  553. 
lateralis,  finer  structure  of,  860. 
lateralis,  lesions  of.  861,  550. 
lateralis,  nuclei  of,  864. 
lateralis,  origin  of  axones  of,  862, 

551. 
lateralis,  relation  to  nucleus  collic- 

uli  inferioris,  868. 
lateralis,  termination  of  axones  of, 

866,  554. 
medialis,  313-317,  386,  564,  570, 

401,  404,  414,  415,  687,  689, 

448,  449. 
medial  accessory,  688,  446. 
medialis  (accessory  bundles  of  von 

Bechterew),  404. 
medialis,    descending   centrifugal 

bundle  in,  1017,  643,  644. 
medialis,  direct  fibres  to  cerebral 

cortex  from,  699. 
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Lomnucus  medjalb,  ori^n  of  fibres 
of.  694. 
medialis,  termination  of  fibres  of. 

6B4.  4.>0.  451. 
mediaiis,  vjewa  concerning  course 

of,  4u4,  060.  G9T. 
superior.  3S0.  SSI.  a40. 
Iiigamcntum  spirole  cochlev,  S8S. 
Liinen  insular,  751. 
hinttnkfmsehlingt  (Flechsig),  685. 
Liss&uer's  column  or  tract,  see  Fas- 
ciculus dorso-latc rails  Lissaiieri. 
liobulus  paracentmlis,  function  of, 
090. 
paracentral  is,  lesions  of,  701,  455. 
Lobus  occipitAlis,  1047. 

olfftctorius.90.  749,4;2. 
Localization,  motor,  in  spin&l  cord. 
8»9. 
of  function  in  cerebnl  cortex.  90S. 

1003. 
of  function   in   spinal   oord.  903- 
003,  909,  aS8. 
Ijociis  cwruleus.  SiS. 
Longitudinal    bundle,    posterior   or 
dorsal,  see  Fasciculus  longitudi- 
nal is  medial  is. 
Lower  face  area,  998. 
facial  ncTTc.  930. 
motor     neurones,     sec    Neurones. 

Lumbar  enlargement  of  cord,  see  1n- 

tumescoDtia  lumbalts. 
Luys'  body,   see   Nucleus   hvpotha- 

lamicus  (corpus  Luysii). 
Lyra,  see  Conimissura  hippocampi. 


Macula  acnstica  iitriculi.  SSI. 

lutea.  825.  820. 

lutea.  fibres  in  optic  nerve  from,  795. 
Halon-nitril,    effects    of.    ITH.    301. 


Mammals,  nerve 
fibres  of,  894. 
Mann's  rocttiod,  139. 
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Meissner*s    tactile    corpuscles,  239, 
240,  241,  245. 

Mercury,  eflfecte  of,  287. 
Mesencephalon,  159.  89,  816-824. 
horizontal  section  through,  427. 
lower  motor  neurones  of,  915. 
motor  neurones  in,  969. 
Mesial  fillet,  see  Lemniscus  medialis. 
Metabolism  of  neurones,  217. 
Metameres,  195. 
Metathalamus,  89. 
Metazonal   nerve  trunks,  209,  135, 

138,  189. 
Metencephalon,   159,  89,  812-816, 
818-824. 
pyramidal  fibres  in,  89,  981,  990. 
Meyuert,  bundle  of,  see  Fasciculus 
retroflexus  Meynerti. 
commissure  of,    see    Commissura 
superior  Meynerti. 
Meynert's    fontaineartige    Hauben- 

kreuzmig,  772,  492. 
Microsmatic  animals,  749. 
Midbrain,  see  Mesencephalon. 
Middle     cerebellar     peduncle,    see 
Brachium  pontis. 
cerebral  vesicle,  88. 
decussation  of  tegmentum,  772. 
horn  of  lateral  ventricle,  see  Ven- 
triculus  lateralis,  cornu  inferius. 
lemniscus,  see  Lemniscus  medialis. 
or  soft  commissure,  see  Massa  inter- 
media. 
Mittelzellensdulen,  888. 
Mittlere  weisse  Lage,  see  Stratum 

album  medium. 
Mitral  cells,  532,  757,  481. 
Monostratified   cells  of   the   retina, 

503,  783. 
Motor  area  of  cortex,  976,  996. 
axone,  ending  in  muscle  fibre  of, 

893,  578. 
cells,  medial  and  lateral   columns 

of,  915. 
cerebral   nerves,  control    by  pal- 
lium of,  1022. 
cortex,  degeneration  following  ex- 
tirpation of  areas  in,  646-654. 


Motor  cortex,  extirpation  of  areas  of, 
1022,  645. 
fibres  from  the  cortex,  termination 

of,  981. 
function  in  cerebral  cortex,  locali- 
zation of,  995,  682-685, 1002. 
localization    in    spinal  cord,  899, 

588. 
nerve  spindle,  58,  60. 
neurones,  lower,  883,  577. 
neurones  of  cervical  enlargement, 

885. 
neurones  of  the  cord,  commissural 

group  of,  885,  567. 
neurones,  grouping  of,  884. 
neurones  of  rhombencephalon,  915. 
neurones  of  thoracic,  lumbar,  and 

sacral  cords,  887. 
neurones,  relation   of  upper  and 

lower  (von  Monakow),  1036. 
neurones,  upper  and  intermediate, 

952. 
nuclei  of  lumbar  enlargement,  586. 
telodendrion  of  the  frog,  575. 
telodendrion  of  lacerta,  574. 
telodendrion  of  the  rabbit,  576. 
telodendrion,    relation    to    neuri- 
lemma, 896. 
Movements,    bilaterally    innervated 

muscles,  1040. 
Mailer's  fibres,  856,  537. 
Multipolar  ganglion  cell,  4,  69,  82, 

84. 
Muscles  of  the  eye,  innervation  of, 

950. 
Muscle-segment,  see  Myotome. 
Myelencephalon,  159,  89,  872. 
Myelin  sheath,  41,  86. 
Myelin ization  of  brachium  conjunc- 

tivum,  657-659,  481. 
Myocommata,  198. 
Myoseptum,  198. 
Myotome,  195,  126, 199,  200. 
Myotomes,  prootic  and  postotic,  919, 
relation  of  muscles  to  cephalic,  919. 

N.  abducens,  932, 818, 820-824, 840, 
415. 
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Nerve-roots,  posterior,  see  Radix  dor- 
salis. 
spinal,  see  Nn.  spinales. 
Nerves,  sensory,  see  Neurones,  periph- 
eral centripetal, 
sensory,  cutaneous  distribution  of, 
188]  204,  330-349. 
Nervus    trigeminus  (portio   minor), 
422. 
trigeminus,  radix  descendens  (raes- 

cncephalica),  422,  600,  935. 
trigeminus,  sensory  terminal  nuclei 
of,  641. 
Neural  tube,  section  through,  94,.  95, 
96. 
segment,  195. 
Neurilemma,  41,  86. 
Neuroblasts,  16,  44,  169. 

wandering  of,  172. 
Neurofibrils  of  Apathy,  52, 54, 145. 
Neuroglia,  proliferation  in  secondary 
degeneration  of  white  fibres,  228. 
Neuromere,  195. 
Neurone,  39,  41. 
ampharkyochrome,  118,  119. 
apyknomorphous,  123,  68,  69,  71. 
arehiplasmic  radiation,  148. 
arkyochrome,  67,  117,  121, 
attraction  sphere,  148,  84. 
auditory,  first  order,  836,  839. 
auditory,  second  order,  839. 
auditory,  third  order,  839. 
axone  hillock,  111,64,82. 
axone,  structure  of,  142, 145. 
axospongium,  144,  81,  82. 
bulbo-hypothalamic,  694. 
bulbo-mesencephalic,  694. 
bulbo-pontal,  694. 
caryochrome,  115,  117,  122. 
centrosome,  148-150,  84. 
changes  produced  by  arsenic  in, 

169,  1 72. 
changes  produced  by  fatigue   in, 

276,  277,  164,  166.' 
changes    produced    by  injury   to 

dendrites  of,  239. 
changes  produced   by  ligature  of 
abdominal  aorta  in,  173. 


Neurone,  changes  produced  by  mer- 
cury in,  287. 

changes  produced  by  phosphorus 
in,  283,  170. 

changes  produced  by  poisons  in, 
282-288,  295. 

changes  produced  by  section  of  ax- 
one in  (Nissl),  233,  234. 

changes  produced  by  section  of  ax- 
one and  of  dorsal  root  in,  177. 

changes  produced  by  strychnine  in, 
285. 

changes  produced  by  veratrin  in, 
283,  1  71. 

chromophile,  115, 123,  73. 

chromphilic  corpuscles,  110. 

chromophobic,  123. 

conception  of,  40. 

cytochrome,  115,  121. 

cytophism,  147, 

cytoreticulum,  142. 

cytospongium,  147,  82. 

dendrites  of,  see  under  Dendrites. 

elementary  spherules  (Arndt). 
104. 

enarchyochrome,  118,  119.  68. 

endoplasm,  155. 

exoplasm,  155. 

fibrillar  theory  of  Schultze,  102. 

fibrils  of,  112,*  136,  139,  62. 

ground  substance  of  (unstainable 
substance  of  Nissl),  nature  of, 
135-153. 

ground  substance,  fibrils  of,  102, 
136,  140. 

ground  substance,  honeycomb 
stnicture,  138,  141,  147,  156. 

ground  substance,  network,  139, 
140,  78. 

gustatory,  525. 

hecateromeric,  171. 

heteromeric,  171, 101. 

hyaloplasm,  147. 

Iiypothalamic,  694. 

investment  of,  150-153. 

internal  morphology  of,  101,  157. 

mesencephalic,  694. 

parapyknoroorphous,  123,  67. 
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Neurone,  periphenl  auditory,  544. 
periphenl  centrilugal,  883. 
peripheral  olfactory.  520. 
pigmentAr;  deposits.  107. 
pyknomorphouB,  12<l,  TO. 
somatochronie.  115,  121.  61,  48. 
spongioplasm,  M7. 
■tainable  substance  of   Nissl,  see 

under  Tigroid. 
«tiebochrome,11T,  131,  70,  71. 
sjstera,  318. 
sjstem,   crossed    gracilar  nucleo- 

cerebellar.  54(5. 
system,  uDcrossed  grecilAT  nacleo- 

cerebellar,  565. 
lAatomeric,  171. 

t«utonieric,  classiflealion  of,  006. 
threshold  lyturonaehtcelle).  253. 
ODMainable  substauM  of  Nissl.  at 

under    Xeurone,   ground    sub- 

Timial,  533. 
Neurones,  bodil;  peripheral  centrip- 
eUl,  350-380,  204,   306.  Htl, 
SOH,  SOS,  210. 

bodilj  peripheral  cenlriprtal,  clas- 
■iflcAtion  of.  321-322. 

bodilf  periphemi  cenlripetAl.  pe- 
ripheral endings,  301-^0,  311, 
S7». 

bodily  peripheral  centripetal,  pe- 
ripheral endings,  eomea,  314, 
218.  213.  263,  400. 

bodilj  peripheral  centripetal,  pe- 
ripheral endings,  conjunctiTa, 
21K  34S,  2a3. 

bodily  peripheral  centripetal,  pe- 
ripheral endings,  bill  of  duck, 
222,224. 

bodily  periphemi  centripetal,  pe- 
ripheral endings,  bladder,  212. 

bodily  peripheral  centripetal,  pe- 
ripheral endings,  ciliary  body, 
2J0. 271. 

bodily  peripheral  centripetal,  epi- 
didyiDis,  2S4. 

bodily  periphenl  centripetal,  gen- 
ital tract,  250-261. 
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Nissl  bodies    (stainable    substance), 

105-134,  see  also  Tigroid. 
Nissl's  classification  of  cells,  115-126. 

method,  45,  106,  242,  243. 
Nn.  cluniam  medii,  187,  190. 
oculomotorii,  decussation  of,  945, 

605. 
olfactorii,  754. 
spinales,  description  of,  186,  322- 

825. 
spinales,  ganglia  of,  306. 
spinales,  radix  dorsal  is,  281,  806. 
spinales,  radix  dorsalis,  ascending 

limb  of  bifurcation,  804.  468. 
spinales,  radix  dorsalis,  collaterals, 

805,  470-475. 
spinales,  radix  dorsalis,  collaterals, 

classification  of,  473-475. 
spinales,  radix  dorsalis,  descending 

limb  of  bifurcation,  804.  468. 
spinales,  radix  dorsalis,  fibres  of, 

294,  808, 447, 465-^66. 
spinales,  radix  ventralis,  806. 
spinales,  rami  of,  185. 
subscapulares,  186. 
supraclaviculares,  189. 
Node  of  Ranvier,  32,  41. 
Noyau  mastieateur^  see  Nucleus  mo- 

torius  princeps  N.  trigemini. 
seniilunaire  de  Flechaig,  674. 
Nuclei  arciforraes,  see  Nuclei  arcuati. 
arcuati,  376,  565,  809,  674. 
corporis    mammillaris,   769,  490, 

491. 
funiculi  lateralis,  882,  402. 
intermedio-laterales,  913, 585, 586. 
mediales,  913,  585,  586. 
motorii    N.  trigemini,  818,   933, 

597,  598. 
of  thalamus,  Nissl's  study  of,  676, 

679. 
motorii  minoresN.  trigemini,  818, 

933,  597,  598. 
N.  acustici,  see  Nuclei  N.  cochlese 

and  Nuclei  N.  vestibuli. 
N.  cochle«P,  810,  811,  812,  818, 

828,  867,  872,  547,  549,  407, 

410,  411,  415,  418. 


Nuclei  of  central  acoustic  path.  555. 

of  cervical  enlargement,  914,  585. 

of  lumbar  enlargement,  586. 

of  the  reticular  zone,  677,  679. 

pontis,  886. 

terminales  nervi  trigemini,  flbne 
arcuato)  interna;  from,  422. 
Nucleus  al»  cinereie,  809,  818,  872, 
377,479,407,621-624. 

ambiguus,  829,  407,  929. 

amygdalae,  467. 

amygdaliformis,  see  Nucleus  amyg- 
dalae. 

anterior  thalami,  673,  448. 

caudatus,  686,  688. 

centralis  inferior,  577,  822,  408» 
405,  614. 

centralis  medius,  577,  962, 972. 

centralis  superior,  815,  821,  822, 
886,  579,  404,  405,  414,  420, 
614. 

cerebello-acusticus,  505,  511,  632. 

colliculi  inferioris,  315,  886,  579, 
868,  589. 

colliculi  inferioris,  relation  to  lat- 
eral lemniscus,  868. 

commissune  posterioris,  see  Nu- 
cleus fasciculi  longitudinalis 
medialis. 

commissuralis,  808, 329, 487,  409, 
410,  625,  626. 

corporis  geniculati  lateralis,  814. 

corporis  trapezoidei,  869,  545- 
547,  854,  867. 

dentatus,  810,  368,  505,  892, 428, 
424,  428. 

dentatus,  connection  with  cortex 
of  vermis,  424,  425. 

dorsalis  (Stillingi,  Clarkii),  8,  474, 
559,  576,  581-583,  887. 

dorsalis,  axones  from,  740. 

emboliformis,  428,  424. 

fasciculi  longitudinalis  medialis, 
817,886,401,415. 

fastigii.  511,  568,  575,  418,  428, 
424.  852. 

fastigii,  relation  to  Deiters'  nu- 
cleus, 636. 


1114 


THE  XKKVurs  ST55TE3L 


-Vi&. 


Nctfrltrus  fonkali  eun«a«:i, 

%\h-9t0,  %U.  t^t,  Z>i, 
MSfP.  5^>,  40*. 
fuTiUnili  can^azL  terminal i*>ci  *A  ftx- 
ffne§  from,  741. 

S74.3;;#.SH2-^H4..>)d.o4».4ML 

fanicaU  grat-ilis.  injarr  t*>,  T'.K 
f  uii ictj  { !  grft/'i  1  i«.  term  i  hax  i«>n  '^f  ax- 

one«  fr»-.ra.  741. 
furiK-nli  ten-tU.  403. 
foniculi  rent  rails,  614. 
^loUjMjs.  :i92.  4f  3.  4^4. 
ba)>enuhp.  775.  83 L 
bTpf>-thalaniicii«    (c-orf»u5     Loj^ii. 

SHf.  569.  580.  671.  673.  4»7. 
ifnfiar.  94^1 
innoroinatii4  ivon  Beehterew),  see 

Nucleus  latere li;«  superior. 
intercaJato  of  Staderini.  926. 
lateralis^  anterior  <  Perlia),  944. 
Iatera1i5  inferior.  577. 
Interalis  superior,  316.  320-3S2, 

579,  401,  405,  616.  969.  971 
lateralis  thalami,  673,  443. 
lern nisei  lateralis,  314.  321,  322, 

n«l».  3H2.  3H6.  405.  420.  ^46. 
leinnir^-i  lateral  is.  inferior  and  su- 
perior, 8131.  864. 
lentiformis.  569.  711.  713. 
ma^fKx^Ilularis  of  medial  nucleus, 

681. 
medialis  thalami,  673.  443. 
minimus  (von  Bechten»w).  655. 
motorius    princeps    N.  tri^mini, 

313,  320,  407,  411,  933,  597. 

598,  600,  935. 
N.  abduccntis.  312, 31H,  319, 407, 

411,416,427.932.947. 
N.  cochlejB  dorsal  is.  851. 
N.  cochleae  ventralis.  848,  541, 543, 
N.  facialis,  218.  312,  821,  322, 

407,  416,  596,  929. 
N.  facialis,  motor  fibres  from  me- 
dial lemniscus  to,  1017. 
N.  prlossopharyngeus.  377. 
N.  hypoglossi,'809,  818-320,  329. 

376,407,411.598,924 


7.  »4i.  »6.  mm.  mL  %: 


»»— TT-.*:-W~*    ^.m    ^    _^ 


y.  trrj. 


,^'^r 


X.  Testibnii. 
X.  Te<cil>aii 

31S.  5oa,  m^^  4«7.  4IL  m 

41C41;.  41S. 

X.  Testibuli  las^-rmlss.  cp2b  ^LQi 
X.  ve^buli  iaterma^  erased  ts- 

tral  Te<tibalar  pAtfau  637. 
X.   Testibali  lAt«n&Ii«.   ^m&  at 

trml  Te:5tibalAr  path,  631. 
X.  Ttf^stibali  Imterali^,  fibre*  ci.CSI 
X.  restibuli  lateraliss.  patb  t.*-  (M 

from,  41^  41C.  41*i.  419.  til 

959. 
X.  Tcsdbuli    iiMHiialis.  316.  Ill 

318,  sea  507.  497.  411.  lit 

627. 
X.   vesttbiili    spinalis  Cndks^  «^ 

scendenti^).  411,  627. 
X.  Testibuli  superior  (too  Bwte- 

rew),  311,  312,  318.  5091  HI 

413.  416,  4\K  63a 
of  Darksehewitsvh,  721,  TSi  l«t 

403. 
of  Deiters,  see  Xae]eo«  X.  ve^tibili 

lateralis, 
of  Edinger  ftiid  WestphaL  *e  » 

cleus  X.  ociilomocoriL 
of  met&mere,  197,  127. 
of    the  middle    line  (Ni^L  ^ 

679. 
olivaris  aecessorius  ilorsalifv  StiL 

377. 
oliraris  aecessorius  medialis, 

310,  823,  824,  S76.  377. 
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Nucleus  olivaris  inferior,  176,  309- 

812,  829,  876,  577,  610. 
olivaris  superior,  818,  882,  886, 

843,  851,  544. 
olivaris  superior,  fibre  system  to 

nucleus  N.  abducentis  from,  422. 
olivaris  superior,  peduncle  of,  852, 

548. 
posterior  thalami,  440. 
pneolivaris,  843,  548,  857. 
radicis  descendentis  N.  trigemini, 

see  Nuclei   raotorii   uiinores  N. 

trigemini. 
respiratory,  of  MissLawsky,  see  Nu- 
cleus funiculi  ventralis. 
reticularis  tegmenti,  822, 886, 570, 

401,  405,  420,  614. 
ruber,  817,  824,  670. 
ruber,  crossing  descending  spinal 

system  from,  972. 
semilunaris,  857,  858,  549,  848. 
tractus   soliUrii,  810,  819,  479, 

486,  624-626. 
tractus  spinalis  N.  trigemini,  808, 

809,  818,  820-822,  848,  846, 

378,  375,  517,  641. 
ventralis  thalami,  448. 
Y,  811,  818,  507. 
Nuel's  space,  864. 
Nutrition  theory  (Golgi),  258. 

Ohere  Schhife,  688,  692. 
Oberer  Kern,  (Burdach),  674. 
Ociilamotorinskern  of    Darksche- 
witsch,    see    Nucleus    fasciculi 
longitudinal  is  medialis. 
Obex.  872. 

Occipital  cortex,  fibres  from  superior 
colliculus  to,  819. 
cortex,  lesions  in,  817. 
Oculomotor  nerve,  see  Nn.  oculomo- 

torii. 
Olfactory  apparatus  of  the  carp,  500. 
bulb,  see  Bulbus  ol f actor i us. 
conduction  path,  central  neurones 

of,  748. 
glomeruli,  see  Glomerulus  olfac- 
torius. 


Olfactory  granules,  756,  486. 

islands,  761,  487,  488. 

lobe,  see  Lobus  olfactorius. 

nerves,  see  N.  olfactorii. 

organon,  see  Organon  olfactorium. 

tract,  see  Tractus  olfactorius. 
Olivary  fasciculus,  954,  609. 
Olive,  inferior,  see  Nucleus  olivaris 
inferior. 

superior,  see  Nucleus  olivaris  su- 
perior. 
Olivenstrang,  955,  609. 
Operculum,  564. 
Ophthalmic  vesicle,  118. 
Optic    chiasraa,   see    Chiasma  opti- 
eum. 

nerve,  see  N.  opticus. 

neurones  of  higher  orders,  782. 

paths,  see  Visual  conduction  paths. 

radiation,  see   Radiatio   occipito- 
thalamica  (Gratioleti). 

thalamus,  see  Thalamus. 

tract,  see  Tractus  opticus. 
Organon  olfactorium,  188,  157. 

spirale  (Corti),  364. 
Orang-outang,  motor  localization  in 

cerebral  cortex  of,  1000,  685. 
Osmatic  animals,  749. 

Pacinian  corpuscles,  228,  245,  258, 

854,  393,  394.  396. 
Pain  points,  253. 
Pallium,  89. 
extirpation  of  motor  areas  in,  1022, 
645. 
Papilla  nervi  optici,  784. 
Papillae  vallata\  526. 
Paracentral  lobule,  see  Lobulus  para- 

cen  trails. 
Paraphasia,  1078. 

Parapyknomorphous  cells,  123,  67. 
Paraxone,  270. 
Paraxonen,  90. 

Pars  basilaris  fasciculi  pedunculo- 
raammillaris,  772. 
basilaris  pontis,  815. 
mammillaris  hypothalami,  89. 
optica  hypothalami,  89. 
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Path,  frontal  cerebro-corticopontal. 

oc-eipito-lemporal  cerebro-cortico- 
pontal.  S8^ 
Peduncle,  inferior,  see  Corpus  resti- 
forme. 
middle,  see  Brachium  poutis. 
of  cerebrum,  see  Pedunculus  cere- 
bri, 
of  corpus  callosum,  see  Gyrus  sub- 

callosus. 
of  thalamus,  see  Pedunculus  thai- 
ami, 
superior,  see  Brachium  conjuncti- 
Tum. 
Pedunculus    cerebelli    inferior,   see 
Corpus  restiforme. 
cerebri,  89,  386,  980,  989. 
cerebri,  localization  of  fibres  in, 

(Hoche),  1020. 
corporis  mammillaris,  see  Fascic- 
uli pedunculo-mammillares,  pars 
basiiaris. 
corporis  callosi,  see  Gyrus  subeal- 

losus. 
flooculi,  310,  311,  368. 
medius,  see  Brachium  pontis. 
superior,  see  Brachium  conjunct i- 
▼urn. 
Pedunetilussehleife  (Flechsig),  684. 
Pedunculus  thalami  medial  is,  444. 
Pelvis,  sclerozones  of,  131  132. 
Perforated  space  or  lamina,  anterior, 
see    Substantia    perforata    an- 
terior. 
Pericapsular  plexus,  llo. 
Pericellular  network,  150, 153, 8<S,  87. 
Perikaryon,  66. 

Perinuclear  zone  of  Ap4thy,  56,  a9. 
Peripheral  centrifugal  neurones,  see 
Neurones,  peripheral  centrifugal, 
nerves,  components  of,  921. 
Perpendicular  fissure,  external,  see 

Fissura  parieto-oceipitalis. 
Pes  hippocampi,  see  Hippocampus. 

pedunculi,  see  Basis  pedunculi. 
Phosphorus,  effects  of,  288,  1 70. 
Planum  fibrillare  profundum,  6i2. 


Plexus  biachialis,  IMk,  325. 

cerricalis,  186w  3^. 

cerrioo-brachiAliss  lHCk,33aL 

coccygeus,  187.  SSSu 

lumbalis,  187,  335. 

lumbo-saeralisv  187,  335l 

pudendos,  187.  325. 

pudendo-caad&lbs  187,  3^ 

sacralis,  187,  3S5. 
Pfi  eourbe,  see  Gyms  angular^. 
Pneamogastric  nerre,  see  X. 
Poisons,  effects  of,  282-3^  39a. 
Poliomyelitis,  spinal  cord  in,  ^^ 
Polyaxones,  81,  42,  It. 
Polymeric  muscles,  201. 
Polystratified  cells  of  ivtina,  781 
Pons  (Varoli),  see  Meteiieephakia. 
Ponticiilns,  373,  S77. 
Posterior  cerebral  vesicle.  8H. 

longitudinal  bundle.  S4 
lus  longitudinalis 

nuclei  of  thalamns,  678. 

olfactory  lobe,  see  Lolnis  oilart^-n- 
us. 
Post-mortem  ehangpes  in  nerve  celk 

306. 
Postotic  myotomes,  930. 
Pra?cuneus,  Plate  I.  4. 
Pnrdorsalis  Lamg^bumdei,  7S0. 901 
Precentral  sulcus  of  oerehmm.  s» 

Sulcus  pnecentralis. 
Primary  optic  centres,  797. 
Primitive  fibrils  (Ap&thy  V  37L 

segments,  195. 
Processus    cerebelli     ad    cyirUaa 

(StUlingI,  650,  438. 
Projection  fibres,  665. 
ProOtic  myotomes,  919. 
Prosencephalon,  163. 
Protoplasmic  commissure,  890.  S7L 

continuity,  7. 

processes,  see  Dendrites 
Prozonal  nerve  trunks  308.  IMl  13^ 
Psalterium,  see  CommisBura  hipfK^ 

cam  pi. 
Pnlvinar.  536,  681,  440. 

termination  of  fibres  fntcn.  81^. 

termination  of  optic  fibres  in. 
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Punktsubstatiz  of  Leydig,  273. 
Pupil,  reflex  contraction  of,  880. 
Purkinje,  corpuscles  or  cells  of,  1, 12, 

69,  72,  75,  88. 
Pyknoraorphous  cells,  123,  70. 
Pyramidnl    bundles,    see    Fasciculi 
cerebro-spinales. 
cells,  12,  68,  69,  75,  83,  87,  976, 

620. 

tract,  see  Fasciculi  cerebro-spinales. 
Pyramids,  anterior,  see  Pyramis  (me- 
dullar oblongata?), 
decussation  of,  see  Decussatio  py- 
ramidum. 
Pyramis  (medullaB  oblongata?),  808- 
812,868,875,990. 

Quadriceps  feraoris  muscle,  nucleus 

of,  905,  588. 
Quadrigeminal   botlies,  see  Corpora 

quadrigemina. 

Radiatio  corporis  callosi,  1054. 
occipito-thalamica  (Gratioleti),  814, 

822,  823,  522,  528. 
occipito-thalamica  (Gratioleti),  end- 
ing of  fibres  of,  822,  823,  528. 
Radices  nervorum   cerebralium,  see 

corresponding  nerves. 
Radix  descendens    (mesencephalica) 
N.    trigemini,    see   N.   trigemi- 
nus, 
dorsalis,  559.  194-200,  333, 341. 
dorsalis,  development  of,  181. 
posterior,  see  Radix  dorsalis. 
ventralis,  885. 
RandHchleier  of  His,  see  Marginal 

veil. 
Randzellen  of  sensory  nucleus  of  tri- 
geminus, 642. 
Raufenhim^  see  Rhombencephalon. 
Reaction  at  a  distance,  297. 
Recessus  geniculi,  90. 
infundibuli,  90. 
mammillaris,  90. 
utriculi,  861. 
Rectus  abdominis,  nerve  endings  in, 
894. 


Red  nucleus,  see  Nucleus  ruber. 
Regeneration  of  nerve  fibres,  245. 
Regio  subthalamica,  see  Hypothala- 
mus, 
subthalamica,  layers  of,  671. 
Reil,  island  of,  see  Insula. 
Restiform    body,   see    Corpus  resti- 

forme. 
Reticular    formation,  see    Formatio 
reticularis, 
zone,  nuclei  of,  677. 
Retina,  857,  858,  860. 
Retinaantheil  of  corpus  geniculatam 

laterale,  798. 
Retina,  bipolar  cells  of,  543. 
comparison  with   other  sense  or- 
gans, 541. 
ganglion  cells  of,  783. 
layers  of,  533,  784,  529. 
origin  of,  187. 
rods  and  cones  of,  535. 
Retraction  theorv,  100. 
Rhinencephalon,  748. 

divisions  of,  751,  754. 
Rhombencephalon,  lower  motor  neu- 
rones of,  915. 
Ricin  poisoning,  297,  158. 
Riesenpyramidenzellen    (Betz),    978, 

622. 
Rolando,  fissure  of,  see  Sulcus  cen- 
tralis Rolando, 
substantia  gelatinosa  of,  see  Nu- 
cleus tractus  spinalis  nervi  tri- 
gemini. 
Roller's  nucleus,  926. 
Roof,  ganglion  of,  see  Nucleus  fas- 

tigii. 
Roots  of   spinal   nerves,  see  Radix 
ventralis,  Radix  dorsalis. 
of  spinal  nerves,  groups  of  fibres  in, 
901. 
Rostrum  corporis  callosi,  1053. 
Ruban  de  Reilj  see  Lemniscus. 
cortical,  see  Cortical  lemniscus. 
infSrieur,  see  Lemniscus  lateralis. 
mphieur,  680,  692. 
Rufilni,  nerve  endings  of,  246,  247, 
249,  250. 
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Sacral  nueleua,  see  Nucleus  dorsalis. 
Sartoriiis  muscle,  nerve  endiogs   in 

894. 
Scata  Cymt^ni.  S«2. 

vestibiili,  86S. 
Scarpa's  ganglion,  see  Gangliun  vea 

tibulare. 
Sehaknformiger        KBrper        (vol 

Tachisch).  674. 
SehalUelUn  (von  Monakon),  1036. 
Schizaxoncs,  63,  46. 
Schleife,  see  Lemniscus. 
Sehleife  aus  dem  oberen  ZwrihUgel, 

485. 
Sohultze's  comma,  390, 2flS-)t»8, 448- 

451,  454-475. 
Scissora  or  the  brain  (Stilling),  42S. 
Sclerolonie,  196,  123. 
Sclerozone.  208, 

Secondary  degeneration,  see  Degen 
eration,  Wallerian. 
degeneration   in   pyramidal   tracl 

1010.  (Ml. 
degeneration  of  motor  fibres  after 
cerebral  lesion.  648. 
Segmentation  of  IxMlf,  193. 
Segments  of  spinal  curd,  function  of, 

903. 
Hthsphdretianlheil  .ot  corpus  genicu- 

latuin  latcrale,  T98. 

Heilenlinfe,  see  Lateral  line. 

Seilliehe   OremtchichI    dtr   grauen 

Subalaaz.see  Fasciculus  lateralis 

li  mi  tuns. 

Semi -decussation    in    optic    chiasm, 

786. 
Sense    centres,    cortical,  lesions    of. 

1074. 

fiensorj'     components     of     cerebral 

nerves.  934.  &82. 

conduction   paths  to  central  gvri, 

704. 
conduction  paths  to  oorte: 
cutaneous  areas.  330-349,  18S,  189, 

l»0-l»5. 

i:utaneous  areas  (anieBthesia},  BOl. 

cutaneous  areas  (pain).  1»7,  1»8, 

1»».  800. 


Items,  I. 

166-468 

Sepio- margin 

Gombaul 

Septum  pellu 
Sbeath  of  He 
Side  fibrils,  l: 
Silent  areas  c 
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Stratum  album  medium,  809. 
album  profunduni,  809. 
calcariuum,  1059. 
glomerulosum  of    olfactory  bulb, 

755,  478. 
griseum  centrale,  315-317,  319- 

324,  386,  579,  809,  831. 
griseum  colliculi  superioris,  809, 

868,  555-558. 
griseum  of  olfactory  bulb,  755, 478. 
griseum  profundum,  809,  518. 
interolivare     lemnisci,    309-312, 
-  321-324,   379,  563,  565.  402, 

416,  422. 
moleculare  seu  gelatinosum,  755, 

478. 
proprium  cunei,  1061. 
aagiitale  externum^  see  Fasciculus 

longitudinalis  inferior. 
aagittale  intern  urn  (Sachs),  815, 520. 
zonale  colliculi  superioris,  808, 809. 
Stria  medullaris,  774. 

medullaris  thalami,  relation  to  hip- 
pocampus and  basal  ganglia,  774, 

497. 
olfactoria  lateralis,  756,  759. 
olfactoria  medialis,  756. 
Striae  acustica%  see  StrisB  medullares. 
meduUares    (seu    acustic«D),    369, 

372,  536,  549,  553,  840. 
Stripe  of  Vicq  d'Azyr,  638. 
Strychnine,  effects  of,  285. 
Subconscious  impulses,  250. 
Substantia  alba  of  cord,  stimulation 

of,  640. 
gelatinosa,  306, 390, 403, 417, 419, 

470.  641. 
gelatinosa  centralis,  373. 
gelatinosa  (Rolandi),  see  Nucleus 

tractus  spinalis  nervi  trigemini. 
grisea,  405,  414,  419,  473. 
nigra,  316,  317,  386,  579. 
nigra,  termination  of  thumb  fibres 

in,  1028. 
perforata  anterior,  590. 
Subthalamic  tegmental    region,  see 

Tegmentum  and  Hypothalamus. 
Sulci  temporales  transversi,  638. 


Sulcus  centralis  (Rolandi),  633. 
cinguli,  92. 

cinguli,  pars  marginalis,  92. 
cinguli,  pars  subfrontalis,  92. 
frontalis  inferior,  638. 
frontalis  superior,  638. 
hypothalamicus  (Monroi),  90. 
parol factori  us  posterior,  750. 
pneccntralis,  633. 
rhinencephali    inferior,   752,  476, 

477. 
semilunaris,  752. 
spiralis,  362. 
subparietalis,  92. 
temporalis  superior,  638. 
Superficial  arched  fibres,  see  Fibne 

arcuatie  externap. 
optic  path,  821. 
Superior    colliculus,    see    CoUiculus 

superior, 
lemniscus.  688,  692. 
medullary  velum,  see  Velum  med- 

ullare  anterius. 
olive,  see  Nucleus  olivaris  superior, 
olivary  complex,  843. 
Supramarginal     gyrus,     see     Gyrus 

supramarginalis. 
Sylvian    aqueduct,   see  Aqueductus 

cerebri, 
fissure,  see  Fissura  cerebri  lateralis, 
fossa,  sec  Fossa  cerebri  lateralis. 
Sympathetic  ganglia,  190. 
Sympathicus,  330. 
Synapsis,  86. 
Systema   hmniscale   myelencephalo- 

diencephalicum^  701. 
lemniscale  myelenceph  alo-paUiah, 

714. 
myelenceph  alo-eerebellare    erueia- 

turn,  741. 
myelencephalo-cerebellare  non-eru- 

ciatum,  741. 
{neuronicum )    diencephalo-palUa- 

turn,  701. 
{neuronicum)  myelencephalo-palli' 

ale,  701. 
{neuronicu  m)    myelenceph  alo-tha- 

lamicum,  714. 
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»i)   gpino  - 1 

bellare  i-enlro-lnteraU  conjuacli- 

mh,  590. 
(neiiroHicwm)      ipitm-ihalamieitn 

vtntro-laterate,  BOO. 
(neuronieum)      spino-quadrigeiiii 

num     rentro-laleraU    svperiua 

599. 

Tabes,  ilcgen orations  in,  243, 244, 254, 

428,  438. 
Tipiiia  chorioiJea,  774,  4»6. 

thalami,  774,  4fl«. 
Tspetutn.  522,  528, 1054, 106T. 
Tftsle-butis,  see  Calyculi  giisljitorii. 
TaaliellfnandTaalmeniaf.iotilerkel, 

220,  231. 
Taulomi 

tautomeric. 
Tegmental  bundle  of  lentiform  n 
cleus,  674. 
bundle  of  roil  nucleus,  674. 
bundle  ut  thalamus,  674. 
projection,  90. 
Tegmentum,    derussatbns   of,  7' 
492. 
paths  to,  668. 
Tclencejihalon,  159.  8». 

motor  neurones  of,  D73. 
TelodcndHon,  41,  82. 
Tolodendrions  ot  motor  aione.  81 

s;4. 

Temporal  oerebro-eorticoponlal  palh, 

1045,  1046. 

gyri,  audilorj'  fibres  ending  in.  878. 

Temporale  Grogshimrindf-BrBeitn 

bahn,  see  Temporal  eerebro-cor- 

ticopontal  path. 

JtiechsphSre  (Pleehsig),  756. 

Testes,  see  C'olliculus  interior. 

Tetanus-toxin,  eSeets  of.  181,  182. 

308. 
Th&tamus,  89. 
bundle  from  nucleus  ruber  to,  428. 
nucleus  of,  BT;i,  076.  678,  679. 
vent  ro- lateral  nuclei  of,  56B. 
Thalamumnassiv  (Tscheriiiak),  682. 
TtialaniMKliale  (Tscherraak),  682. 
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Trapezoidal  body,  see  Corpus  trape- 
zoideum. 

Triangular  path  of  Helweg,  954. 

Triangle  median  of  Gombault  et 
Philippe.  453-457. 

Triceps  muscle,  nerve  endings  in,  894. 

Trigeminal  nerve,  see  N.  trigeminus, 
neurones,  central  centripetal,  641. 

Trigeminus,  fibres  to  formatio  retic- 
ularis from  terminal  nucleus  of, 
728,  464,  465. 

Trigonum  lemnisci,  686,  847. 

Trochlear  nerve,  see  N.  trochlearis. 

Trophic  centres,  226. 

Trophicity,  theories  of,  306-311. 

Truncus  corporis  callosi,  1053. 

Trunk  area  of  motor  cortex,  999, 668. 

Tuber  cinereum,  90. 

Tubercle,  acoustic,  see   Nucleus  N. 
cochleae  dorsalis. 
cuneate,  see  Tuberculum  cuneatum. 
of    optic    thalamus,   anterior,  see 

Nucleus  anterior  thalami. 
of  optic  thalamus,   posterior,  see 
Pulvinar. 

Tkiberculea  quadrijumeaux,  see  Cor- 
pora quadrigemina. 

Tuberculum  cuneatum,  560. 
laterale  s.  acusticum,  see  Nucleus 
N.  cochleaB  dorsalis. 

Tunnel  cord,  864. 
space,  364. 

TUrck,  column  of,  see  Fasciculus 
cerebrospinalis  ventralis. 

TQrck's  degeneration,  225. 

Uncinate  fasciculus,  see  Fasciculus 
uncinatus. 
gyrus,  see  Uncus. 
Uncus,  Plate  I,  4. 
connection  of  hippocampus  with, 

489. 
termination  of  fibers  of  stria  olfac- 
toria  in,  759. 
Unipolar  cells,  86,  118,  114. 
Upper  face  centre,  997. 
facial  nerve,  930. 
motor  neurones,  952. 


Upper  motor  neurones,  relation  to 
lower  motor  neurones,  1036. 
motor  neurones,  lesion  of,  1039. 
Unierachleife,  see  Lemniscus  lateralis. 
Uraeginente,  195. 
Umnrbelkern,  197. 
Utriculus,  861. 

Vagal  nucleus,  see  Nucleus  ala)  cin- 

ereap. 
Vagus  nerve,  see  N.  vagus. 
Vallate  papilla^,  see  Papillro  vallatas. 
Valve  of  Vieussens,  see  Velum  medul- 

lare  anterius. 
Vascular  segment,  196. 
Vater,   corpuscles  of,  see    Pacinian 

corpuscles. 
Velum  meduUare  anterius,  872. 
medullary,    superior,    see    Velum 
medullare  anterius. 
Ventral    horn,  see  Columna   grisea 
ventralis. 
horn   cells  of  cervical  cord,  905, 

678-582. 
nucleus  of  lateral  geniculate  body, 

679. 
nucleus  of  the  sixth  nerve,  932. 
nuclei  of  thalamus,  678,  680,  681. 
tegmenta]  decussation,  see  Decus- 
jatio  tegmenti  ventralis. 
Ventricle,    fourth,    see    Ventriculus 

quartus. 
Ventricles,   lateral,  see  Ventriculus 
lateralis, 
of  brain,  see  Ventriculus  lateralis 
et  quartus. 
Ventriculus  lateralis,  651,  658. 

quartus,  809,  818,  872. 
Ventro-lateral  cell-group  of  anterior 
horn,  see  Neurones,  lower  motor, 
lateral  tract,  ascending,  see  Fas- 
ciculus ventro-lateralis   superfi- 
cialis. 
Veratrin,  effects  of,  283,  171. 
Vermiform  process,  see  Vermis. 
Vermis,  568.  575. 
connection  of  nuclei  of  roof  with, 
424,  425. 
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Vestibulo-spinal  path,  959. 
Vicq  d'Azyr,  bundle  of.  see  Fascicu- 
lus thalamo-inammillaris  (Vicq 
d'Azyr). 
Villi,  choroidal,  see  Plexus  chorioi- 

deus. 
Visceral  motor  and  sensory  compo- 
nents of  peripheral  nerves,  921. 
Visual  area  of  cortex  cerebri,  lesions 
of,  8  J  7. 
centres,  connection  with  cord  and 
bulb,  see  Visual  conduction  paths, 
conduction  paths,  529,  532,  583, 

584. 
conduction  paths,  centrifugal  fibres 

of,  832. 
conduction  paths,  decussation  in, 

580. 
direction,  cortical  area  for,  998. 
sense  area,  primary,  822,  823. 
Vital    staining,  see    Ehrlich's   vital 

staining. 
Vorderatranffresty  874. 


Wallerian   degeneratioo,  see  Dcfis- 
eration,  seeondarr  or  WaikniL 
doctrine  and  the  neuroDe-conoiiL 
226. 
Warm  points,  253. 
Wernicke's  field,  814. 

hemianopic  pupillary  sign,  812. 
W^hite  columns  of    cofd,  see  F^Ba^ 
uli. 
commissure  of  cord,  see  Cooun- 

sura  alba. 
matter  of  cerebral  hemispheres « 
Centrum  semiovale. 
Wonn,  see  Vermis. 

Zerstrente  accessoriache  BuHdei  <t<b 

Bechterew),  684. 
Zona  incerta,  671,  672,  4S7. 
reticularis      {Gittersehiehf},    4fti 
677. 
Zone  F  (Munk),  remoral  of.  6J>7. 
Zofu  motrice  (Charcot),  975. 
of  confusion,  995,  632. 
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PLATE  I. 

HEMATIC  Representation  of  some  of  the  Neurone  System^:  of  the 
Principal  Motor  and  Sensory  C'onducting  Paths  in  the  Nervous 
{System. 

.g.  1. — Sensory  and  motor  paths  in  the  spinal  cord. 

ack. — Med.  oblong.,  transverse  section  through  the  medulla  oblongata  at  the 
level  of  the  decussatio  leraniscorum ;  Med.  sp.  pars  cert.,  transverse  WM'tion 
through  the  medulla  spinalis  i»ars  cervicalis ;  Med.  »p.  pars  lumh.,  transverse 
8<»ction  through  the  medulla  spinalis  pars  lumhalis;  Med.  sp.  pars  thorac, 
transverse  section  through  the  medulla  spinalis  pars  thoracalis ;  Sens,  surface, 
sensory  surface. 

^d. — The  areas  of  white  matter  in  the  spinal  conl  and  medulla  oblongatii  occu- 
pied by  sensory  axones  are  indicated  by  red  lines  or  dots.  The  cell  bodies 
and  axones  of  si^nsory  neurones  an?  also  colon'd  red.  J).  I.,  decussatio  lem- 
niscorum;  D.r.f.,  dorsal  rcMit  fibre  (c^;ntral  axone  of  peripheral  centripetal 
neunme) ;  F.  c,  axone  of  fasciculus  cuiieatus;  F.  els.,  axone  of  fasciculus 
cen^bellospinalis  (direct  cerebellar  tract)  ;  F.  rl.  G.,  axone  of  fiksciculus  ven- 
trolateralis  [Gowersi]  ;  St.  t.  /..  axones  of  stratum  int^rolivan*  lemnisci ;  /, 
cell  bo<lies  of  peripheral  centripetal  neunmes  (situated  in  the  spinal  ganglia) ; 
7',  ascending  limb  of  bifurcated  central  axcme  of  jwripheral  sensorj'^  neurone 
extending  from  the  pars  lumhalis  of  the  spinal  conl  U)  the  medulla  oblon- 
gata, being  situated  first  in  the  fasciculus  cuneatu.s,  in  higher  levels  of  the 
cord  in  the  fasciculus  gracilis,  and  finally  terminating  in  the  nucleus  funic- 
uli gracilis,  i",  ascending  limb  of  bifurcated  central  axone  of  peripheral 
sensory  neurone  pertaining  to  the  thoracic;  iM>rtion  of  the  spinal  conl.  It 
enters  the  fasciculus  cuneatus,  and  passing  upward,  approaches  the  medial 
bonier  of  this  fasciculus  without,  however,  entering  the  fa.sciculus  gracilis. 
It  is  seen  to  terminate  ultimately  in  the  nucleus  funiculi  cuneati.  i'", 
ascending  limb  of  bifurcated  central  ax(me  of  iierijiheral  st'iisory  neurone 
pertaining  to  the  pars  cervicalis  of  the  spinal  conl.  It  i»is.ses  upwanl  in  tlie 
fasciculus  cuneiitus  to  terminate  at  a  level  higher  than  that  indicated  in  the 
diagram.  1"",  reflex  collaterals  extending  from  the  central  aximes  (or 
their  suIkU visions)  of  the  p(;ripheral  sensory  neunmes  to  the  ventral  horns 
of  the  spinal  cord,  then^  coming  into  conduction  relation  with  the  cell  bcxlies 
and  dendrites  of  the  lower  motor  neurones.  /,  collaterals  fnmi  the  axones 
of  the  fa.sciculus  cuneatus  to  the  nucleus  dorsalis  [Clarkii]  ;  m,  C4?ll  iKxlies  in 
substiintia  grisea  giving  rise  to  axones  of  the  fasciculus  ventrolateralis  [Gow- 
ersi] ;  i',  'axones  of  fas(;iculus  ventrolateralis  [Gowersi]  ;  S,  cell  bwly  in 
nucleus  dorsalis  [Clarkii]  giving  rise  to  axone  of  fasi^i cuius  cerel)eiiospinalis ; 
.y',  axone  of  fasciculus  cerebellospinalis  (dinict  cei*eliellar  tract)  ;  4.  t-^t^Hs  of 
nucleus  funiculi  gracilis  giving  rise  to  ax(mes  of  tibne  arcuata*  interna*  which 
undeiigo  de<'Ussation  (decussatio  lemniscorum)  in  the  raphe;  4'.  continua- 
tion of  axones  of  fibne  arcuata)  intern®  after  decussaition.  Tliey  run  cen*- 
bralward  in  the  stratum  inten)livare  lemnisci.  5,  cells  of  nucleus  funiculi 
(;uneati  which  give  rise  to  axones  of  fibnp  arcuaUe  internse  which  undergo 
decussation  (decussatio  lemnisconim)  in  the  raphe.  5',  ccmtinuation  of 
axones  of  fibne  arcuatte  internee  after  decussation.  Having  had  their  origin 
in  the  nucleus  funiculi  cuneiiti  of  the  opposite  side,  they  now  run  forward  in 
the  stratum  interolivare  lemnisci. 

fwe. — ^^rhe  areas  of  white  matter  in  the  spinal  cord  and  me<lnlla  oblongata  indi- 
cated by  parallel  blue  lines  com».sp<md  to  the  position  of  the  fasciculi  cere- 
brospinales  (pyramidales).  The  cell  bodies  and  axones  of  the  lower  motor 
neurones  are  also  printt»d  in  blue.  JP.  c«.  /.,  fasciculus  cerebnispinalis  latera- 
lis or  lateral  pyramidal  tract;  F.  cs.  v.,  fasc^iculus  cen»bn)8pinalis  ven trails  or 
ventral  pyramidal  tract;  F.  Pp.,  fasciculi  pyramidales  in  the  medulla  obUm- 
gata ;  Py.,  pyramis  medullse  oblongatie  ;  v.  r.,  radix  ventralis  nervi  spinalis; 
1,  cell  bodies  of  lower  motor  neurones  situated  in  the  ventral  bonis  of  the 
gray  matter  of  the  spinal  cord  giving  off  axones  which  go  to  form  the  ventral 
roots  of  the  spinal  nerves ;  S',  axones  of  fasciculi  pyramidales  which  undergo 
decussation  in  the  decusi«itio  pyramidum  and  pass  down  in  the  fasciculus 
cerebnispinalis  lateralis  of  the  opposite  side  of  the  spinal  cord  to  terminate  in 
the  ventral  horns  of  the  cervical  n-gion.  They  throw  the  lower  motor  neu- 
nmes which  innervate  the  musculature  of  the  upi)er  extremity  of  one  side 
under  the  influence  of  the  pallium  of  the  opiKwite  side.    4\  axones  of  iascic- 
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tif  the  Kpliial  ivnl  tu  h'nniiiulc  in  thv  ventral  b 
n>Kiaii.  They  tbniw  the  liiwtT  motor  neurum-H  wh 
Uture  of  till'  lower  extinuity  of  oaa  NidF  uf  the  bu 
the  iBllium  of  the  oppuMte  side.  4",  axoue  of  &* 
aoe»  not  undergo  dectuimUon  in  the  dceuHimtio  pvn 
in  the  foiioiculiiit  wn-brottpinaliH  ktvniliii  of  tlit 
tllire).  4'",  Bzoneof  GuwlvuliiiymmldHleawhiFh  i 
ticjn  in  the  deciuMtio  iqrmiiildum,  but  paHMii  down 
Npinalis  ventmlis  to  tcnninnte  in  the  vmtnil  hu 
n'liuld  thmw  tlie  lower  mutor  ueuronea  goveminf!  i 
tore  of  an«  lule  under  the  fnflllenv«!  ef  the  inllill 
prnbahlG  Out  in  odditUiD  to  tb«-«e  flhri's  of  the  fnwl 
tmlis,  which  tvnntnattr.  Jn  the  ventral  hum  uf  the 
fliirea  (nut  shown  in  the  dinttnini}  wliivb.  piuwiiig 
iiiiimire,  terminate  In  the  t'entml  bom  uf  the  iippw 

Yflloic. — ('ell  bodkii,  HioneH,  eullatcrals.  anil  terminals 
pniprii  of  the  ventml  and  latetul  funiculi. 

Fig.  a.— Esit  and  enlram^e  of  Kervi  rerchnilr«  at  tht 
ni-rveH  uf  fteneml  wiiHalion  an>  printi-d  in  ivd.  the 
optic  tiarta  in  yellow,  the  olfactory  nervi*  in  oran 
ereeu.  and  the  mutor  ner\'es  in  blue.  I,  Nn.  idfke 
X.  orlilomotorills ;  II',  H,  tnivhlciiriH ;  I',  N.  trifttj 
C/r,  N.  l^-lHliA  et  intcrmedius ;  VIII,  K.  ciichlne 
tMipharTniteliH ;  A'.  X.  vaicu«;  XI,  K.  Heees!U>riiiK ; 
periphetil  ol&ctorj'  neurunis;  <>.  *.  (r.,  ganclion  s 

lig.  S. — Horizontal  iiectiiin  throiish  cerebral  hemtsph 
Fig.  4  with  wheniHtlc  cnntinuation  i)f  fthrcs  alnn 
curtiisl  reiciunH  in  which  they  ariiw  ur  temiinute. 

Jllaii, — C,  M.,  centrum  Heniiovale  ;  nitiHt  nnd.  mud.,  cs] 
tinrf.  rami,,  vauda  nuclei  uiudati:  Cot.  for.,  culm 
corpus  cnlliisum  1  Fimb.,  flnihrin;  Ka.  ealr.,  flniuro 
p.,  BsMura  cerebri  lateralis  Kylrii,  ramus  posterior 
o.fi(.itftlis :  fiw».  e.  I,  S,  fiwm  cerebri  lateralJK  B; 
trails  aliteriiir;  (i.  e.  p.,  xyruii  centralis  posterior 
inferior;  (i.  f.  m.,  gyruit  AvnIalU  niedius;  O,  f,  i 
I.,  Rynis  AvntaliH  supcrinr ;  O.  tMulie.  icyri  inaniie ; 
(>fo&. )>»/'., globus  psiiiduH;  tl.o.i.,  Kyriot^ipitalex: 
temiwralismettius;  G.  I.*.,  kttus  tempomlis auperlo 
Jf.  1.  of  I'.,  mamiKeopie  stripe  nt  Vieq  d'A:vr ;  A',  o. 
ami ;  S.  1. 1,,  nueh>us  lab-mils  tliabmit ;  A.  n.  (.,  n 
kadialio  oee.  Ik.  timl,,  radintio  oc^HiHtothMlaniiai  < 
centralis  Ridandl;  firpf.prtl..  septum  pcllncidatn ; 
lateralis,  eomu  nntcriiM ;  IVnt.  Int.  p.,  TuntricnluH 
T>nl.  lerl.,  Tcntrleulus  tortlus. 

JM,— The  lines  represent  sentwry  axones  cnntinned  alx 
section  out  toward  their  cortical  terminations.  T 
the  n-Kioiis  in  which  the  tlbres  run  down  into  the  i 
level  uf  the  section.  The  red  dottt  represent  cmw 
tinned  ahuvc  the  level  of  the  section.  /,  axoncs  of 
iH'loiiRinK  tu  Flrehsig's  emhryolottical  system  No. 
ei pally  to  the  central  By ri.  ll,  nxunrsof  the  fcener 
to  FlechsiR's  cmbryflliigical  system  Nu,  2,  U'inK  • 
i-enttal  Kyri.  Ibc  lobiilus  paraeentnilis  and  tlie  f(i 
KHperior,  and  partly  to  the  gyrus  fomicatiis  alonK  i 
iiiiifit  posterior  bundles  uf  Fh'cbKig's  embryolotcira 
till!  cinguluni  and  running  toward  Ammon's  bom  ; 
sensiiry  path  helonginft  to  FlecbsiK's  embryoioglca 
tributed  princi|nlty  to  the  fuot  of  the  Byrus  tVuntal 
the  dhrcs  jirms  thruuKh  the  anterior  luuh  of  the 
forwunlin  the  white  matter  of  the  centrum  semio 
frontal  pole,  where  lliey  turn  Iwck  at  an  acute  angl 
partly  to  the  gyms  foniicatus  and  partly  to  the  su) 


—The  1 


.ing  from 


parxiu)!  down  thmngb  tbc  intenial  caiaule.  "tIiu  d 
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fibres  the  cortical  orig;in  of  which  i8  not  shown.  II,  axones  from  facial  area 
of  cortex  running  to  the  knee  of  the  iut(;mal  capgule.  ///,  axones  from  tlio 
arm  area  of  the  cerebral  cortex  running  to  the  anterior  portion  of  the  occipi- 
tal limb  of  the  internal  capsule.  I\\  axones  from  the  leg  an^a  of  the  cere- 
bral cortex  running  to  the  int<^mal  capnule,  being  situatcid  in  the  latter 
behind  the  arm  fibri's. 

Orange. — Axones  pertaining  to  the  olfactory  sensory  conduction  ptiths.  ^', 
axone  of  neurone  extending  between  the  corpus  maniillare  and  the  hippo- 
campus by  way  of  the  fornix ;  6,  axone  extending  betwe^jn  the  substantia 
perforata  anterior  and  the  hippocampus  by  way  of  the  septum  i>ellucidum 
and  the  fornix. 

Green. — Axones  i>ert4iining  to  the  auditory  conduction  path.  They  are  seen 
em(;rging  from  the  cross  section  l>chind  the  internal  capsule  and  running  out 
to  the  auditory  s(!nse  area  of  the  cert^bral  cortex.  8,  9,  10,  axones  of  dienc*- 
phalo-t<?lencephalic  (projection)  neurones  pert^iining  to  the  auditory  conduc- 
tion path.  The  cell  bodies  of  thest>  neurones  are  situated  below,  chiefly  in 
the  corpus  geniculatum  mediale  ;  the  axones  terminate  in  the  gyrus  tempo- 
ralis superi^ir  and  in  the  gyri  temporaies  tmnsversi. 

Violei. — Axones  pertaining  to  the  frontal  and  tempoml  cerebrocorticopontal 
paths.  The  flbres  belonging  to  the  frontiil  path  arise  chiefly  in  the  region 
of  the  foot  of  the  gyrus  fnmtalis  inferior  and  the  feel  of  the  middle  and  supe- 
rior frontal  gyri,  and  run  into  the  frontal  limb  of  the  internal  capsule.  The 
origin  of  the  temporal  path  is  still  unc(;rtain ;  the  fibres  pass  down  at  the 
posteritjr  extn^mity  of  the  int<.'rnal  caiwule. 

Ydlmp. — Axones  pertaining  to  the  visual  conduction  path.  They  are  8(»en  to 
emerge  from  the  section  at  the  occipital  extremity  of  the  pars  occipitalis  of 
the  internal  cajxsule  and  to  run  through  the  radiatio  occipitothalamica  Gra- 
tioleti,  to  be  distributed  in  those  rt^gions  of  the  cortex  of  the  occipital  lobe 
which  arc  characterized  by  the  presence  of  the  macroscopic  stripe  of  Vicq 
d'Azyr.  The  majority  of  the  fibres,  however,  terminate  near  the  fissura 
calcariua. 

Fig.  4. — Scheme  illu-strating  the  relatiims  of  some  of  the  principal  conduction 
(taths  in  the  cerebrum  as  viewwl  from  the  medial  surface.  The  fronto-oc- 
cipital  black  line  about  the  middle  of  the  hemisphere  corresponds  closi^ly  to 
the  level  of  Fig.  3,  which  is  projected  above.  Above  this  line  the  cerebrum 
is  made  transiNirent. 

Black. — C.  a.,  comraissura  anterior  c^^rebri ;  C.  pin.,  corpus  pineale  (of  the  epi- 
thalamus)  ;  FHum.  rxUc,  fissura  calcarina ;  Pisa,  po.,  fissura  parieto-cx'cipitalis ; 
Fiss.  collat.,  fissura  col  lateral  is ;  (/.  dug.,  gyrus  cinguli ;  G.  f.  s.,  gyrus  fron- 
talis superior ;  G.  fun.,  gyrus  fusiformis ;  G.  hipp.,  gyrus  hipixicampi ;  G. 
ling.,  gyrus  lingualis;  G.  t.  i.,  gyrus  temporalis  inferior;  G.  t.  m.,  gyrus 
temporalis  medius;  Ijob.  paracent,  lobulus  paracentmlis ;  P.  /.,  polus  fron- 
talis; P.  0.,  polus  occipitalis;  *S.  cinguli  pars  subfront.,  sulcus  cinguli  pars 
subfrontalis ;  K.  cingnli  pars  marg.,  sulcus  cinguli  pars  marginalis;  S.  snthpa- 
riet.,  sulcus  subjKirietalis ;  i^pt.  pell.,  sfeptum  pellucidum  ;  Tradun  olf.,  trac- 
tus  olfactorius ;  Trig,  olfact.,  trigonum  olfactorium. 

Re€l. — The  soma?sthetic  area  of  the  cerebral  cortex,  as  seen  from  the  medial  sur- 
face, is  indicate<l  by  n*d  dot«.  The  red  area  in  the  p»ira  tegmentalis  of  the 
cerebral  peduncle  corresponds  to  the  region  occupied  by  the  lemniscus  media- 
lis.  The  broken  red  lines  correspond  to  various  sensory  axones  on  their  way 
from  the  diencephalon  to  their  end  stations  in  the  cortex  of  the  pallium.  /, 
axones  belonging  to  Flechsig's  embryological  system  No.  1,  terminating  in 
the  lobulus  paracentralis  and  adjacent  central  gyri  ;  //,  axones  of  Flech.sig's 
embryological  systt^m  No.  2,  terminating  in  the  gyrus  fomicatus;  //', 
axone  of  Flechsig's  embryological  system  No.  2,  running  into  the  cingulum 
and  thence  to  the.  regicm  of  the  hippocampus ;  II'",  axone  belonging  to  Flech- 
sig's embryological  System  No.  2,  running  from  the  nucleus  latt'ralis  thalami 
basalward,  and  entering  by  way  of  the  uncus  into  the  subiculum  comu 
ammonis  from  in  front  and  below.  ///,  axones  belonging  to  Flechsig's 
embryological  system  No.  3,  terminating  in  the  middle  portion  of  the  gyrus 
fomicatus. 

Blue. — Motor  area  of  the  cerebral  cortex  in  which  are  situated  the  cell  bodies  of 
the  neurones,  the  axon(«  of  which  pass  downward  to  throw  the  groups  of 
lower  motor  neuroue>s  under  their  influence.  The  blue  area  in  the  cross  sec- 
tion of  the  basis  pedunculi  corrt^spcmds  to  the  region  occupied  by  the  fascic- 
uli pyramidales.  IV,  nxones  of  pyramidal  tract  arising  from  the  lobulus 
paracentralis  (portion  of  leg  area). 
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yellow. — The  visual  st^nwe  art^a  of  the  eeit^hrul  cortex  is  striated  with  this  color. 
The  optic  nerve  and  the  cut  section  of  the  chiasm  are  colored  yellow.  The 
dotted  lineii,  5,  correspond  to  axones  of  the  radiatio  ocx^ipitotlmlamica  Gratio- 
leti.  The  minutt^  yellow  area  in  the  superior  coUiculus  of  the  corpora  quad- 
rigemina  corresponds  to  the  region  in  which  are  situated  the  niest^ncephalic 
terminals  of  the  fihres  of  the  optic  tract. 
Green. — The  area  marked  hy  this  color  in  the  cross  section  of  the  pars  tegmen- 
tjilis  of  the  cerebral  pi'duncle  cxjrresponds  to  the  position  of  the  upward  con- 
tinuation of  the  lemniscus  lateralis  and  of  the  brachium  quadrigeniinuni 
inferius. 
Orange. — Neurones  and  axoues  of  neurones  pertjvining  to  the  olfactory  conduc- 
tion paths.  :i,  2',  olfactory  sensory  neurones  of  the  s(*cond  order.  The  cell 
bodies  are  represented  by  the  mitral  cells  and  brush  cells  t>f  the  olfiau!t*^>ry 
bulb,  their  medullated  axones  helping  to  form  the  whit4;  matter  of  the  olfac- 
tory tract,  rf,  neurone,  the  cell  bo<ly  of  which  is  situated  in  the  sulistantia 
perforata  an tc^rior,  itsaxone,  .i",  extt»nding  through  the  stria*  uiedu Hares  to 
^  .  terminate  in  the  nucleus  lial^enula*.     4,  ^  ,  neurone  extending  between  the 

%  hipp<K'ampus  and   the  corpus  mamillare,  the  axonc  pa.ssing   through   the 

I.  fornix.    6,  ft  ,  axones  of  neurcmes  ext^^'uding  between  the  hippocampus  and 

t  the  sffiptum  pellucidum  by  way  of  the  fornix.     7,  axone  passing  through  the 

I  commissura  anterior  cerebri.    8,  olfactory  axone  extending  along  dorsal  sur- 

face of  corpus  callosum.    9,  10,  neunme  connecting  the  temiKinil  olfactoiy 
sense  area  with  the  hippoc4impu.s.     II,  neurone,  the  cell  body  of  which  is 
J  situated  in  the  nucleus  habenul»,  its  axone  running  through  the  fHSciculas 

n'troflexus  Meynerti  to  the  interpeduncular  region.     r:i,  axone  of  faiwriculus 
,  pedunculomamillaris,  pars  basilaris.     Li,  axone  of  fasciculus  pi'dunculonia- 

millaris,  pars  tegmentalis.  14,  neurone  extending  between  the  substantia 
pt^rforata  anterior  and  the  nucleus  anterior  thalami. 
Violet.— Thi^  arciis  oc'cupied  by  the  cen^brocorticopontal  paths  in  the  cut  surface 
of  the  ba.sis  pedunculi  are  colored  violet.  The  medial  area  corresponds  to 
the  frontal  cerebrocorticopcmtal  path,  while  the  lateral  area  c<irresponds  to 
the  temporal  or  tt^mporo-occipital  cerebnx'orticopontal  path.  Between  the 
J  two  is  situated  the  blue  area  repn»senting  the  fibre*  of  the  pyramidal  tract. 

Fig.  6. — Schematic  representation  of  8<mie  of  the  conduction  paths  in  the  spinal 
cord,  myelencephalon,  and  metencephalon. 

;  Black. — a,  transverse  section  through  the  cew^bral  peduncle  ;  6.  transverae  s*c- 

.;  tion  through  the  middle  of  the  pcms;  c,  transverse  section  near  the  junction 

J  of  the  pons  with  the  medulbi  oblongata ;  d,  transverse  st^ctiou  through  the 

.  middle  of  the  medulla  oblongata;  e,  transverse  section  thrtnigh  the  lower 

j  extremity  of  the  me<lulla  oblongiita  near  its  junction  with  the  spinal  cord ; 

I  /,  transverse  st»ction  through  the  cervical  cord  ;  F.  I.  m.,  fasciculu.s  longitudi- 

:  nalis  medialis ;  Med.  oblong.,  medulla  oblongata ;  N.  abtluc,  iiervus  abducens: 

N.  ocul.,  nervus  wulomotorius ;  N.  n.  r.  I.,  nucleus  ner>n  vestibularis  lateralis 
(IX'iters) ;  A^.  r.,  nucleus  nilier ;  Subst.nigra,  substantia  nigra. 
i?ed.— Neurones  and  axones  prtainlng  to  the  pjiths  of  general  sensation.  Tlie 
red  area  in  the  cross  section  of  the  cerebral  peduncle  indicjites  the  region  in 
which  the  lemniscus  medialis  is  situated.  Br.  cmij.,  brachium  conjunctivum ; 
Dec.  lemn.,  decussatio  lemniscomm ;  Lemn.  med.,  lemniscus  medialis ;  St.  i.  /., 
stratum  interolivare  lemnisci ;  1,  cell  bodies  of  peripheral  sensory  neuroma. 


ati;  ^,  axone  of  fasciculus  ventrolateralis  Gowersi  running  to  terminate  in 
the  cerebellum;  3',  axone  of  fa.s(;iculus  cerebellospiimlis  (direct  cerel»ellar 
tract)  running  to  terminate  in  the  cerebellum ;  4,  niiurone  with  cell  l>ody 
situatt^d  in  nucleus  funiculi  gracilis,  giving  off  axone  which  runs  as  an  inter- 
nal arcuate  fibre  to  the  raphe;  5,  neurone  of  the  nucleus  funiculi  euneati 
giving  off"  axone  which  runs  as  an  internal  arcuate  fibre  to  the  raphe  :  6.  cell 
body  of  neurone  situated  in  the  nucleus  dentatus  and  giving:  off  an  axone 
which  enters  the  brachium  <;oi\junctivum. 
J?/ti«.— Neurones  and  axones  of  neurones  pertaining  to  the  motor  paths.  Dec. 
pyr.,  decussatio  pyramidum  ;  Fane,  pyr.,  fevSciculi  longitudinales  pyramidales; 
7,  cell  bodies  of  lower  motor  neurones  situated  in  the  nuclei  of  the  moUiT 
cerebral  nerves ;  2,  motor  axones  derived  from  cells  in  the  pallium  throwing 
the  nuclei  of  the  cerebral  nerves  under  the  influence  of  the  cerebral  cortex 
by  means  of  terminals.  2"  :  S,  axones  of  pyramidal  tract  terminating  in  the 
groups  of  lower  motor  neurones  governing  the  movements  of  the  upper 
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extremity ;  4*  axones  of  the  pyramidal  tract  which  terminate  in  the  spinal 
C(ird  in  a  region  in  which  they  can  throw  the  lower  motor  neurones  govern- 
ing the  muscles  of  the  lower  extrt^mity  under  their  influence. 

Orange. — The  small  area  of  this  color  in  the  cross  section  of  tlie  cerebral  peduncle 
corresponds  to  the  fasciculus  ix^dunculomamillaris,  pars  basilaris. 

Green. — Axones  of  neurtmes  pertaining  to  the  auditory  conduction  path  ;  I..emn. 
/.,  lemniscus  lateralis;  H,  axones  of  lemniscus  lateralis  terminating  in  the 
coll iculus  inferior ;  2^',  axone  of  lemnist^us  lateralis  passing  through  mesen- 
cephalon to  terminate  in  the  diencephalon,  pc^rhaps  in  the  corpus  genicula- 
tum  mediale. 

Violei. — Axones  and  are^is  occupied  by  axones  of  the  cerebrcxiorticopontal  paths ; 
i,  axone  of  frontal  cerehrocorticopontal  piith.  In  the  cross  section  of  the 
cerebral  peduncle  it  is  seen  to  run  through  the  medial  bundle  ;  in  the  cross 
section  through  the  pars  basilaris  p<mtis  it  is  seen  to  occupy  a  position  some- 
what ventral  to  that  in  which  the  pyramidal  tract  is  situated.  S,  axone  of 
temporal  or  temporo-occipital  cerebrocorticopontal  {Kith.  In  the  cross  st^ction 
of  the  cerebral  peduncle  the  bundle  of  axones  of  this  path  is  situated  lateral 
from  the  fibres  of  the  pyramidal  tract,  while  in  the  cross  section  of  the  para 
basilaris  pontis  the  axones  are  situated  dorsolaterally  a»  regards  the  fibres  of 
the  pyramidal  tract.  The  fibre*  of  both  cerebnxiorticopontal  paths  appear  to 
terminate  (or  arise  ?)  in  large  part  in  the  nuclei  pontis. 
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PLATE  IL 


Fig.  1. — Scrhcmatic  reprcHentation  of  some  of  the  principal  conduction  jiaths  in 
the  coiitral  nervous  system.  The  upper  part  of  the  cert^bral  hemisphere  is 
8upp<iH(Kl  to  be  transparent,  showing  the  origin  of  the  motor  and  the  termi- 
nation of  the  sensory  axones. 

Black. — C.  gen.  L,  corpus  geniculatum  laterale  ;  C.  geft.  m.,  corpus  geniculatum  me- 


rior;  O.  t  m.,  gyrus  temporalis  medius;  G.  t.  «.,  gyrus  temporalis  superior; 
L.  p.  ».,  lobulus  parietalis  inferior;  L.  p.  ».,  lobulus  parietalis  suporior;  A*. 
glosaopharyn.,  ncrvus  glossopharyngeus ;  N.  cerv.  /.,  nervus  c^^rvic'alis  primus; 
Nud.  deniatm,  nucleus  dentatus ;  Nucl.  hy.  L.,  nucleus  hypothalamicus  (cor- 
pus Luysi)  ;  Xud.  r.,  nucleus  nilyer ;  P.  o.,  polus  occipitalis  ;  P.  #.,  polus  tern- 
pt>ralis;  Ped.  cer.,  i)edunculu8  cerebri ;  S.  c.  R.,  sulcus  centralis  Rolandi. 
Red. — Neurones  and  axones  of  neurones  pertaining  to  the  general  84»ns<>ry  path. 
B.  c,  brachium  conjunct! vum  (superior  cerebellar  peduncle);  I^emn.  med., 
leninistrus  medialis ;  N.  IX,  nervus  glossopharyngeus ;  /,  projection  sensory 


0 


Flechsig's  system  No.  3,  ti'rminating  in  the  gyrus  frontalis  inferic»r ;  ///", 
axone  of  cmbryological  system  No.  3,  terminating  in  the  foot  of  the  gyrus 
fnmt4ilis  medius.  It  will  be  noticed  that  the  axones  of  projection  systems  I, 
2,  3  terminate  in  the  somtesthetic  area  of  the  cortex — namely,  the  area  indi- 
cated by  hhI  dots.  It  will  be  seen  also  that  the  somajsthetic  area  corresponds, 
in  part  at  least,  with  the  motor  area  (blue),  as  well  as  with  the  area  of  the 
cortex  (violet)  connectinl  with  the  frontal  cerebrocorticopontal  path.  /,  cell 
bodies  of  m'ripheral  sensory  neurones  situated  in  ganglia  on  the  periplienl 
nerves,  i  ,  ascending  limb  of  bifurcati'd  central  axones  of  pc»ripheral  sen- 
sory neurone  pertaining  to  the  uer\'U8  cervi(«lis  primus.  It  pa^«es  upward 
in  the  fasciculus  cuneatus  to  terminat^i  in  the  nucleus  funiculi  cuneati.  i', 
axone  of  fasciculus  vcntrolateralis  Qowersi  passing  upward  through  the  miv 
dulla  oblongata  and  pons,  to  turn  Imck  superior  to  the  level  of  the  nervus  tri- 
geminus into  the  velum  medullare  antenus,  by  way  of  which  it  enters  the 
cerebellum,  and  ultinuvtely  terminates  in  the  cortex  of  the  vermis.  Jf' ,  col- 
lateral given  off  to  nucleus  dentatus  from  axone  of  fas<;iculus  ventrolatemlis 
1 1  Gowersi  in  the  cerebellum.    .^,  axone  of  &s(!iculus  cerebellospinal  is  (direct 

cerebellar  tract)  passing  through  corpus  restiforme  to  enter  ct^rebellum, 
where  it  terminates  in  the  cortex  of  the  vermis.  It  gives  off  in  its  course  & 
collateral,  3",  to  the  nucleus  dentjitus.  6,  cell  bodies  of  neurouc?s  situated  in 
the  nucleus  dentatus  giving  off  axoneii  which  enter  the  brachium  coryuncti- 
vum.  7,  axone  of  neurone  arising  from  cell  body  in  the  nucleus  hypotha- 
lamicus and  terminating  in  the  globus  pallidus  of  the  nucleus  lentiformis. 

Blue. — ^The  light^blue  striated  area  in  the  cerebral  cortex  corresponds  to  the 
motor  region  of  the  ccmvex  surface  of  the  hemisphere.  The  dark-blue  cell 
bodies  and  axones  repnjsent  the  motor  neurones.  Dec.  pyr.,  decussatio  py- 
ramidum  ;  Fol»c.  long.py.,  fasciculi  longitudinales  pyramidales ;  //,  axones  of 
npi)er  motor  neurones,  the  cell  bodias  of  origin  of  which  are  situated  in  the 
face  area  of  the  cortex  ;  ///,  axones  of  upper  motor  neurones  derived  from 
pyramidal  c^lls  situated  in  the  arm  area  of  the  cortex ;  /F,  axones  of  upper 
motor  neurones  derived  from  pyramidal  cells  in  the  leg  area  of  the  cortex ; 
i,  cell  bodies  of  lower  motor  neurones;  2.  /,  axones  of  pyramidal  tract  dis- 
tributed to  the  groups  of  lower  motor  neurones  pertaining  to  the  cerebral 
nerves ;  5,  axones  of  pyramidal  tract  distributed  to  groups  of  lower  motor 
neurones,  the  axones  of  which  innervate  the  muscles  of  the  upper  extremity : 
i^,  axones  from  pyramidal  tract  which  terminate  in  the  groux>s  of  lower 
motor  neurones,  the  axones  of  which  innervate  the  muscles  of  the  lower 
extremity. 

Yellow. — Neurones  of  visual  conduction  path.  /,  bipolar  cells  of  the  retina ;  f, 
ganglion  cells  of  the  retina,  the  axones;  of  which  enter  the  nervus  opticas ; 
^,  axones  from  nervus  opticus  entering  the  tractus  opticus  of  the  same  side 
(fasciculus  non-cruciatus)  ;  ^\  axones  of  nervus  opticus  passing  through 
the  chiasm  into  the  optic  tract  of  the  opposite  side  (fasciculus  eruciatus). 
The  &8ciculus  eruciatus  of  one  side,  S",  decussates  in  the  chiasm  with  the 
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fasciculus  cruciatus  of  the  opposite  side,  ^" .  It  is  seen  that  of  the  axones  of 
the  tractus  opticus  of  one  side,  a  part  tenninate  in  the  mesencephalon  (collic- 
ulus  superior),  another  part  in  thediencephalon  (corpus  geniculatum  laterale 
and  pulvinar) ;  S,  cell  body  of  neurone  in  the  corj^us  geniculatum  lat<^^rale 
giving  off  an  axone  which  patsies  by  way  of  the  occipitothalamic  radiation  to 
the  occipital  lobe ;  4t  ^'^^^  body  in  coUiculus  superior  giving  off  axone  which 
runs  toward  the  cerebral  cortex  ;  5,  radiatio  occipit-othalamica  Gratioleti,  the 
constituent  axones  of  which  terminate  in  the  visual  sense  area  of  the  occipi- 
tal cortex  (region  indicated  by  yellow  strise  in  the  diagram). 

Green. — Neurones  of  auditory  conduction  path,  i,  peripheral  auditory  neurone, 
tlie  cell  body  being  situated  in  the  ganglion  spirale  ;  its  peripheral  process  is 
distributed  to  the  organ  of  Corti,  its  central  process  forming  one  of  the 
aximes  of  the  nervus  cochleje.  2,  cell  bodies  of  neurones  situated  in  the 
nuclei  terminales  nervi  cochleae.  Their  axones  pass  by  way  of  the  corpus 
trapezoideum  (not  shown  in  the  diagram)  to  enter  the  lenmiscus  lateralis  of 
the  same,  more  often  of  the  opposite,  side.  2' ,  axone  from  lemniscus  latera- 
lis terminating  in  colliculus  inferior.  iS" ,  axone  of  lemniscus  lateralis 
extending  past  the  mesencephalon  to  terminate  in  the  corpus  geniculatum 
mediale.  i,  cell  body  of  neunme  situated  in  the  nucleus  colliculi  inferioris 
simding  an  axone  cerebralwani  by  way  of  the  brachium  quadrigeminum 
inferius.  4.  ^^^^^  body  of  neurone  situated  in  corpus  geniculatum  mediale 
sending  axone  toward  the  auditory  s(;nse  area  of  the  cerebral  cortex.  5,  7, 
diencephalo-telenct^phalic  auditory  projection  axones  terminating  in  the 
auditory  sense.  are>i  of  the  cortex.  The  auditory  sense  area  in  the  temporal 
lobe  is  indicated  by  the  green  strise.     I^mn.  iat.  lemniscus  lateralis. 

Orange. — Neurones  and  axones  of  neurone's  of  the  olfactory  conduction  path.  1, 
peripheral  olfactory  neurone  ;;?,/,  olfactcjry  neurones  of  the  second  order; 
S^  olfactory  neurone  of  the  third  onier  connecting  ( by  its  axone,  S' )  the  sub- 
stantia jH^rforata  anterior  with  the  nucleus  ha))enul8e;  4'*  axones  in  the 
columna  fornicis  belonging  to  neurones  which  connect  the  hippocampus  with 
the  corpus  mamillare ;  ,5,  axone  of  olfactory  neurone  connecting  the  frontal 
olfactciry  sense  area  with  the  nucleus  lentiformis. 

Violet. — Neurones  of  the  cerebrocorticopontal  paths  and  of  the  pontocerebellar 
paths.  The  area  of  the  cerebral  cortex,  probably  connected  with  the  frontal 
cerebrocorticopontal  path,  is  indicated  by  violet  striae.  /,  axones  of  frontal 
cerebrocorticopontal  path  derived  from  pyramidal  cells  in  the  cortex  of  the 
lobus  frontalis;  //(?),  axone  of  temporal  or  temporo-occipital  cerebrocorti- 
copontal path.  The  exact  cortical  origin  is  unknown,  i,  frontal  cerebro- 
corticopontal path  forming  the  medial  bundle  of  white  fibres  in  the  basis 
IK^dunculi ;  2,  temporal  or  temporo-occipital  cerebrocorticopontal  path  form- 
ing the  lateral  bundle  of  white  fibres  of  the  basis  pedunculi ;  5,  cell  body  in 
nuclei  pontis  giving  off  an  axone  to  terminate  m  the  opposite  cerebellar 
hemisphere ;  4*  cell  body  in  nuclei  pontis  connected  with  temporal  cerebro- 
corticopontal path  giving  off  axone  to  the  opposite  ce.H?bellar  hemisphere ; 
5,  6,  Purkinje  cells  in  cerebellar  cortex  giving  off  axones  to  nuclei  pontis, 
reaching  these  by  way  of  the  brachia  pontis ;  7,  8,  cell  bodies  in  nuclei  pontis 
sending  axones  cerebralward. 


2. — Schematic  representation  of  the  portion  of  a  spinal  conl  corresponding 
to  the  attachment  of  the  ventral  and  dorsiil  roots  of  one  pair  of  spinal  nerves. 

Black. — C.  c,  canalis  centralis;  C.  d.,  commissura  dorsalis;  C.  d.  g.,  cornu  dor- 
salis  grisi»a;  C.  v.  g.,  cornu  ventralis  grisea;  Cm.  v.  a.,  commissura  ventralis 
alba;  Cm.  v.  gf.,  commissura  ventralis  grisea;  F.  c,  funiculus  cuneatus; 
F.  g.,  funiculus  gracilis;  F.  f/.,  funiculus  dorsalis;  F.  l.^  funiculus  lateralis; 
F.  m.  r.,  fissura  mediana  ventralis;  F.  v.,  funiculus  ventralis;  G.  sp.,  gan- 
glion spinale ;  R.  d.,  radix  dorsalis  nervi  spinalis;  R.  r.,  radix  ventralis 
neryi  spinalis;  .S'.  /.  d.,  sulcus  lateralis  dorsalis;  S.  I.  v.,  sulcus  lateralis  ven- 
tralis J  S.  m.  d.,  sulcus  medianus  dorsalis  ;  S.  i.  d.,  sulcus  intermedins  dorsalis. 

Red. — Peripheral  sensory  neurones.  The  cell  bodies,  i,  are  situated  in  the  spinal 
ganglia.  The  peripheral  processes  enter  the  peripheral  nerves,  the  central 
axones  imiss  by  way  of  the  radix  dorsalis  into  the  fttsciculus  cuneatus  of  each 
side.  There  each  axone  bifurcates  into  an  ascending  and  descending  limb, 
giving  off  also  collaterals  to  the  gray  substance. 

Bbte. — Lower  motor  neurones.  The  cell  bo«lic»8,  7,  are  situated  in  the  ventral 
horns.  They  send  their  axones  by  way  of  the  ventral  roots  into  the  pe- 
ripheral nerves. 

The  neural  mechanism  generally  believed  to  form  the  basis  of  the  simplest  reflex 
arc  is  illustrated  in  the  figure.  Another  conception  of  the  anatomical  mech- 
anism underljing  simple  reflexes  has  been  illustrated  in  Fig.  162,  p.  272. 
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